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Ir is known to all, that the surface temperature of this 
planet depends upon the properties of radiant heat and the 
relation to them of the action of its atmosphere. It has been 
usual to compare this action to that of the glass cover of a hot- 
bed; for glass, it is also well known, grows opaque to dark 
heat, and continuously so, as its wave-length increases, thus 
letting the solar light-heat pass freely through it to the soil, 
while it is comparatively impervious to the dark heat returned 
from the latter; but this analogy must not be interpreted too 
literally. Whether the atmosphere is pervious to. the soil’s 
heat we do not here discuss, but it has of late} been shown that 
the air does not behave otherwise like glass as it was supposed 
to do, but except for the absorption bands, grows—not more 
opaque—but more transmissible, to solar heat, up to its greatest © 
observed wave-length, and that hence our views of the nature 
of the yet uncomprehended heat-storing action which maintains 
organic life on the earth must be modified. The little that 
the spectroscope tells us about the atmospheres of other planets, 
leads us to think that we can best understand their relations 
to solar energy by studying the atmosphere of our own; for 
our non-comprehension of these relations is largely due to our 

* Read before the American Association for the Advancement of Science, at 
Ann Arbor, 


+ See this Journal, March, 1883, Professional Papers of U. S. Signal Service, 
No. 15, Expedition to Mount Whitney. 
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ignorance of certain physical data which have never yet been 
obtained. 

While the general question for the physical astronomer then, 
is “ What kind of transformation does the solar energy sufter 
at the surface of any planet?” we here seek a reply to the 
simpler preliminary one, “ What are the wave-lengths of heat 
from non-luminous sources, such as the soil of this planet?” a 
question which has never been answered, because there have 
been no means of recognizing this heat when drawn out into a 
spectrum ; indeed we so habitually associate the idea of a spec- 
trum with that of light, that there is a certain strangeness, at 
first in the idea even, of a ‘‘spectram” formed by a cold body 
like, for instance, ice. Yet the ice surface must not only be 
capable of radiating heat toa still colder body, but according 
to our present conceptions of radiant energy, be capable of 
giving a spectrum, whether we can recognize it or not. It is 
the object of the present paper to describe the actual formation 
of such spectra, and the recognition of their heat in approximate 
terms of wave-lengths. 

To distinguish between these new regions of research and 
the older ones, let us briefly summarize our actual information 
about wave-lengths, since on the latter the whole question 
largely turns, and each extension of it, we may agree, is a step 
toward an interpretation of everything about the constitution 
of the universe which radiant energy may have to tell us. 
Thus there is no exact relation known between the periods of 
vibration of certain molecules in the sun and the angles through 
which the rays announcing them, are refracted by a prism, 
while the wave-lengths of these rays, if known, are capable of 
giving us = other intelligence. 

Yet our knowledge even of the wave-lengths of light is com- 
paratively recent, since it was only at the beginning of this 
century that the labors of Thomas Young brought the undu- 
latory theory itself from the disfavor in which it bad lain, and 
the memoirs in which Fraunhofer gave the first relatively full 
and accurate measures of the wave-lengths of light date no 
farther back than 1814. 

The measures of Newton, interpreted in terms of the present 
theory, gave the length of the extreme violet waves at 
10,000,537 Of an inch, and of the extreme red at 75,2°%%s55, OF 
in millimeters 0°00042™ and 0°00067™™ respectively, numbers 
nearly corresponding with the lines H and B, while Fraunhofer’s 
own values are comprise! between 0°00036™ and 0:00075™. 
More recently the range of vision has been still more extended, 
by the use of the fluorescent eyepiece of Soret, while by the 
aid of photography and the employment of quartz trains, solar 
radiations of a wave-length of about 0:29 # have been observed,* 


* (1:0 u=0°001™), 
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and rays whose wave-length is as little as 0°185y have, it is 
said, been observed from the induction spark. 

Our atmosphere cuts off the ultra violet rays of a length less 
than about 0:29 yw, while I have found it not very difficult to 
see, below Fraunhofer’s great A, lines whose wave-length is about 
0°81. The extreme range of the normal eye then, is from 
about 0°00086 to 0°00081™", or a little over one octave, though 
the statement that the range of the eye is less than one octave 
is still commonly made. 

Fraunhofer’s first measures were made with a literal grating 
composed of parallel strands of wire, while the successive labors 
of Nobert, Rutherfurd and Rowland have placed in the hands 
of physicists instruments of constantly increasing power, which 
have finally reached what seems nearly theoretical perfection at 
the hands of the two latter. It is with the now so well known 
gratings of Professor Rowland that the direct measures of wave- 
lengths in the solar heat spectrum I have already made public* 
have been chiefly executed. 

In Plate I we have a necessarily condensed representation of 
the whole spectrum, visible and invisible, on the normal scale, 
the distances being proportional to the wave lengths observed. 
The inferior limit being 0, we have at (a) the number 0°18 pz 
(eighteen one-hundred thousandths of a millimeter), which 
represents the shortest measured in the electric spark from 
aluminum. Next near 0:29 yu (b) we have, according to M. 
Cornu, the shortest solar ray which penetrates our atmosphere; 
near 0°35 y (c), in the ultra violet, is the shortest wave which 
can be seen by the naked eye, and nearly the shortest which 
can pass through glass, while near 0°81 » (d) in the extreme 
red, is nearly the longest which the eye can observe. The 
entire visible spectrum on the normal scale. is, it will be seen, 
insignificant in comparison with that great infra-red region 
which is so important to us, and of which we know so very 
little. It has been known since the time of the first Herschel 
that heat rays existed below the range of vision, but of their 
wave-lengths nearly nothing has, till lately, been ascertained, 
partly for want of sufficiently delicate heat-recognizing apparatus, 
and still more from the fact that it is difficult to use the grating 
here, owing to the overlapping spectra, and to the consequent 
necessity we have till lately been under, of separating these rays 
only by the prism, which gives no measure of their wave- 
lengths. Physicists have accordingly attempted to find these, 
by observing what deviations correspond to known wave- 
lengths in the visible portion, and by trying to determi e, 
from theoretical considerations, what relations should obtain in 


* Comptes Rendus, Sept. 11, 1882. National Academy of Science, 1883. This 
Journal, March, 1884. 
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the infra-red, but the various formulz by which these supposed 
relations have been expressed have not till lately been tested. 
The difficulty has been partly overcome in the last few years, 
by the application of the linear bolometer to the spectrum 
formed by the concave gratings with which Professor Rowland 
has furnished us; the deviations of the heat rays having first 
been observed and the principal lines of the infra-red region 
mapped by the joint use of the bolometer and a flint glass 
prism, in 1881. It will be remembered that one of the best 
known formule on which physicists have till lately relied for 
determining the relations of wave-lengths to deviations was 
Cauchy’s; that this set an absolute limit to the wave-length 
which any prism could under any circumstances discriminate, 
and that this supposed extreme wave-length was somewhere 
between 10,000 and 15,000 on Angstrém’s scale. Besides this 
theoretical limit, it was supposed that glass absorbed dark 
heat to such an extent, that the longer solar heat waves would 
be stopped in the substance of the prism, even were there no 
otber obstacle. 

In 1881, however, we found at Allegheny by actual trial, 
that heat waves whose wave-length was far in excess of the 
theoretical limit, passed through a flint glass prism, so that it was 
ascertained both that this supposed limit did not exist, and that 
common glass was comparatively diathermanous to all the dark 
heat which comes to us from the sun. By means of a glass 
prism and the bolometer, we were thus able to pursue our 
researches and map the infra-red or invisible solar spectrum to 
a point where it actually came to an end. What the wave- 
length of this point was we could not tell, for it lay entirely 
outside of what theory had till then pronounced possible. 

Next, using the grating, we have at Allegheny determined 
the wave-lengths of most of the newly discovered solar heat 
region, by direct observation, and shown that it extended ‘to 
the unanticipated length of 2-7 (e, Plate I) (i. e., 27,000 on 
Angstrom’s scale.) I cite these facts, which have already been 
published, to bring us up to the point where the present 
researches begin. 

The question now arises, ‘‘ Does this ultimate observable 
wave-length of solar heat of 2-7, which our atmosphere trans- 
mits, correspond to the lowest which can be obtained from any 
terrestrial source, or are the wave-lengths emitted from our 
planet toward space, even greater, and conceivably such that 
our atmosphere is nearly athermanous to them?” ‘To answer 
this it becomes necessary to do what I think has not been 
‘attempted before: to take a source of very low temperature, 
comparable to that of the soil, and not only to measure its ex- 
tremely feeble invisible heat, but to draw this out into a spec- 
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trum by means of a prism or grating, and to determine the 
indices of refraction of its prominent parts, and by inference, 
their wave-lengths. We have now been engaged on this re- 
search at Allegheny at intervals for two years, a time which 
will not appear extravagant to one acquainted with its extreme 
difficulties. Not to dwell on these in detail, I will mention, 
only, that the grating can not well be used on account of its 
overlapping spectra, if for no other reason, and that the most 
transparent glass, which we have foand to be comparatively 
diathermanous to dark solar heat, turns out to be almost 
absolutely athermanous to the heat from a surface at the tem 
perature of boiling water. 

Glass being useless here, almost the only material of which 
we can form our prism is rock-salt, and we must have not only 
an entire. train of lenses (both collimating and observing) of 
salt, as well as the prism, but the pieces must be of exceptional 
size, purity and perfection of figure, to contend with these 
special difficulties, and they must be maintained in condition, 
in spite of the incessant deterioration of thissubstance. Finally, 
as we wish to determine wave-lengths, these measures must be 
very accurate, and the prism be capable of giving fixed points 
of reference like the visible Fraunhofer lines. The prism we 
are now using was made by Mr. J. A. Brashear of Pittsburgh, 
and when freshly polished, gives a spectrum not only filled with 
handreds of Fraunhofer lines, but which shows distinctly the 
nickel lines between the D’s, and is probably the finest one 
ever produced from this material. 

Such measures on the collective heat of black bodies as those 
of Melloni and Tyndall have been made on large radiating sur- 
faces, like those of the Leslie cube, but in order to form a spec- 
trum, of this as of any other source, we must, of course, take 
only such a limited fraction of the side of the cube as is repre- 
sented by a narrow spectroscope slit; so that both from its 
minute amount and feeble intensity (even if we can pass it 
through a prism, to form a spectrum), it is absolutely inappreci- 
able, in anything like homogeneous portions, to the most deli- 
cate thermopile, and difficult of attack even by the bolometer. 

We have employed, as radiating surfaces, Leslie cubes cov- 
ered with lampblack and filled with boiling water. or aniline, 
the former giving a radiating surface of temperature of 100°C., 
the latter one of 178° C. and also cubes filled with freezing 
mixtures, with the latter of which Mr. F. W. Very, of this ob- 
servatory, conducted in the cold days of last March one series 
of measures in which the radiator was the bolometer itself, at 
a temperature of —2° C. and the source radiated to, a vessel 
filled with a mixture of salt and snow at a temperature of 
—20° C., thus determining the distribution of energy in the spec- 


~ 
| | | 


6 S& P. Langley—Observations on Invisible Heat-Spectra. 


trum of a surface below the freezing point of water. The 
Leslie cube used in these experiments was filled either with a 
freezing mixture, or with water kept gently boiling by a Bun- 
sen burner underneath ; or again, when measurements from a 
source at an exactly determinable higher temperature were de- 
sired, with aniline, which has a boiling point of about 178° C. 
A condensing apparatus connected with the cube, in the latter 
case prevented the escape of the aniline vapor. It was also 
found possible to keep the cube at any intermediate tempera- 
ture within sufficiently narrow limits by properly adjusting 
the flame. 

‘he apparatus is shown in Plate 2. Between the blackened 

side of the Leslie cube C and the spectrometer slit S, were in- 
terposed a large pasteboard screen (a) and a flat copper vessel 
(0) filled with broken ice, both pierced with apertures slightly 
larger than the slit, to allow the passage of the rays, and the 
exposures were made by withdrawing a third hollow screen (c) 
made of copper and filled with ice, which cut off the radiation 
of the cube from the slit when it was in place. 
. The train for forming the spectrum upon the bolometer face 
consisted of two rock-salt lenses L, L, and the rock-salt prism P. 
Each lens is 75™™" in diameter and 350™ focus for visible rays. 
For the infra-red rays measured on, the focus is from one to two 
centimeters greater than this. The prism is made from an un- 
usually perfect piece of rock-salt, and is 64™ on a side. Its 
constants having been fully given in this Journal for December, 
we will only repeat here for convenience that its refracting 
angle is 59° 57’ 54’, and that the indices of refraction for the 
Fraunhofer lines H,, b,, A, are 156920, 1°54975, 1°53670, re- 
spectively, while that of 2, the farthest considerable absorption 
band in the infra-red of the solar heat spectrum is 15268, cor- 
responding to a known wave-length* of 1°82. With this train, 
composed entirely of rock-salt, and an ordinary eye-piece, the 
Fraunhofer lines are very distinctly visible in either sunlight 
or moonlight. The lenses, prism, slit and other parts of the 
train were mounted upon the large spectrometer (described in 
this Journal, xxv, 1883, and in the Mt. Whitney Report, 
Chapter xi). 

To illustrate the use of the apparatus, we give below in de- 
tail the observations of March 20, 1885, for determining the 
form of the energy curve in the spectrum of a Leslie cube at 
178° C. The* temperature of the room was —7° C., so that 
the excess of the temperature of the cube over that of the 
room was 185° C. 

The reading of the circle was made 0° 0’ 0” when the spec- 
trometer arms were in line, and the direct image of the slit fell 


* Given by a misprint 1-32 in the December number of this Journal. 
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on the bolometer. The prism was then placed on its table, the 
automatic minimum deviation apparatus connected, and the 

rism set to minimum deviation by a sodium flame held in front 
of the slit. The deviation of the ray falling upon the bolo- 
meter was then given directly by the circle reading to 10”. 

The bolometer used was 2™ wide, and consequently sub- 
tended an angle of about 20’ in the spectrum. After adjusting 
the prism, the slit was opened to the same width. A secondary 
obiect of the experiment was the determination of the trans- 
mission of rock-salt in different parts of the spectrum, and for 
this purpose a plate of polished rock-salt, whose thickness was 
9-1™, was interposed at the slit, after each deflection obtained 
in the ordinary manner, the plate being allowed te remain in 
each case till the bolometer had registered the heat due to 
radiations from the salt itself, when the screen was withdrawn 
and the radiations from the Leslie cube allowed to pass through 
it. 

The results are given below in the form of a table. 


Deflection with Transmission 
Deviation. Deflection. rock-salt plate interposed. of plate. 
12 


72 


214 


The “transmission” of the plate of rock-salt (here uncor- 
rected for heat lost by reflection at the anterior surface) has 
been shown by subsequent experiments to very slightly 
diminish for extreme infra-red heat rays in the Leslie cube spec- 
trum; but to remain so nearly constant through the range of 
these experiments, as to show that the present approximate 
values need no correction on this account. More exact ones 
will be given in a subsequent memoir. 

The following series was then taken for fixing more accu- 
rately the position of the maximum: 


40 00 = 
39 30 = 

39 00 364 

38 30 420 360 857 

38 00 365 

37 30 269 251 933 : 
37 00 196 

36 30 127 122 891 ‘ 
36 00 96 

35 630 62 63 1°02 
35 00 48 

34 30 29 27 031 
34 00 26°5 
33 30 18 14 ‘778 

33 00 10.5 
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Deviation. Deflection. 
39° 00’ 375 
38 ! 406 
38 430 
$s 428 
38 § 414 
38 401 
38 371 


From curves representing these observations, it was con- 
cluded that the maximum was at 38° 35’. It will be shown 
further on, how an attempt may be made to estimate the wave- 
lengths in these regions. 

Measurements were also made with surfaces of copper heated 
to much higher temperatures, and with the cube at different 
lower temperatures, for the purpose of determining whether 
the position of the maximum of the energy curve varies with 
the temperature, and if so, to determine if possible the relation. 
Experiments of this kind have been made by Mr. W. W. 
Jacques,* who found that “the distribution of heat in the 
spectrum of a solid or liquid source of radiation is nearly inde- 
pendent of the temperature of the source.” It was evident 
from the care with which Mr. Jacques’s experiments were con- 
ducted, that the shifting of the maximum must be slight and 
difficult of quantitative determination, but with the pure spec- 
trum and delicate heat-measuring apparatus at our command, 
it was thought possible that this might be effected. Accord- 
ingly, measurements similar to those just described were made 
with a radiating surface of lamp-blacked copper at the approxi- 
mate temperatures of 815° C., 525° C. and 330° C., and with 
the Leslie cube at temperatures of 178° C., 100° C., 40° C., and 
—20° C., the excess over the temperature of the room being in 
the latter cases respectively 185° C., 88° C., 46° C., and —18° 
C. In the last instance, the cube was colder than the bolom- 
eter strips, and the deflections obtained were negative; though 
small, they were distinctly measurable, the greatest being —12 
divisions of the galvanometer scale.t We have in Plate 3 the 
curves representing the radiation from these sources, in which 
the abscissz are proportional to the indices of refraction in the 
rock-salt prism, but the ordinates only approximately so to the 
deflections of the galvanometer due to the heat at the corre- 
sponding points, since we are not here primarily concerned with 
the relation of the amounts of heat emitted to the temperatures 


* Distribution of heat in the spectra of various sources of radiation, by William 
W. Jacques, Ph.D., Proceedings of the American Academy. 

+ The position of the maximum in the ice curve is indicated, but the curve itself 
is, on this scale of ordinates, sensibly coincident with the straight line. (See 
Plate 1.) 
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of the sources of emission, but chiefly with the secondary effect 
of the progressive movement of the maximum which is clearly 
shown. 


. Approxima‘e temper- Approximate tempera-| Deviation of maxinium 
Date of observation. ature of source. ture of excess. ordinate in heat curve. 


1885. 
October 7, 815° C. 39°-08’ 
3, 525 39°03 
330 § 39°01 
330 39°00 
September 26, 300 38°42 
March 20, 178 38°35 
August 19, 179 y 38°35 
March 20, 119 2 | 38°25 
October 7, 100 38-22 
3, 99 
March 21, 40 


38°27 
38°00 


| 
“94, —02 | 37-40* 


It is to be observed of each of the curves in Plate 3, that 
though nearly all the area is seen, yet that, owing to the exten- 
sion of the heat curve toward the right, the length shown is 
limited here by the size of the plate, whereas the extremity 
measured in each curve (except of course the solar one) does, 
in fact, correspond to an index of less than 1°45. We give 
above a table showing the dates of observation, the approxi- 
mate temperatures of excess and the approximate deviations of 
the ordinate corresponding to the point of maximum heat in 
the (rock-salt) prismatic spectrum. We should observe that 
the higher temperatures are here only determined with an 
approximation sufficient to make it certain that there is a pro- 
gression in the direction of the shorter wave-lengths of the 
position of the maximum heat-ordinate corresponding to the 
temperature, as the latter rises. These results, both in the 
table and as represented in the plates, are given as preliminary, 
not as final, for we hope soon to be able to offer other and more 
exact ones, deduced from the heat spectra of bodies at all 
temperatures between that of melting platinum and melting 
ice. Weare entitled, however, even at, present, to draw the 
following conclusions, which are of special interest in connec- 
tion with the spectra of dark bodies, of which almost nothing 
has been hitherto known. 

(1) The heat represented by the areas of these curves is 
almost altogether of a character not observed in that of the sun, 
these wave-lengths, in general, not being transmissible by 
glass, which is comparatively permeable to the lowest solar 


* The position of the maximum in this latter case depends upon a single obser- 
vation of some delicacy and is liable to subsequent correction. 
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heat waves that penetrate our atmosphere.* To show this 
more clearly we have drawn the solar spectrum given by the 
rock-salt prism in its true position (though not in its true 
amount) relatively to that of the heat curves cited. The max- 
imum of the latter lies in every case, it will be seen, far below 
the very lowest part of the solar invisible heat. 

(2) In spite of the compression of the infra-red by the prism, 
these heat curves extend almost indefinitely in the direction of 
the smaller indices, so far that we can, in fact, represent only a 
part of this extent in our plate. The measures already cited 
in case of the curve for the Leslie cube at 178°, for instance, 
show very measurable heat at a deviation of 33°, which corre- 
sponds to an index of refraction of 1°4511, while the smallest 
index given in the plate is 1°49. 

(3) An increase of temperature increases every ordinate, but 
not in like proportions, ordinates corresponding to the heat in 
the more refrangible parts always growing more rapidly than 
those for less refrangible heat. 

(4) As a necessary consequence of this, follows the (inde- 
pendently observed) fact of the progressive movement of the 
maximum ordinate toward the more refrangible end, as the 
temperature rises. 

(5) These prismatic curves are not symmetrical, the greater 
portion of the area in every case lying below the maximum, 
2. e., toward the greater wave-length, and the descent being 
always most abrupt on the more refrangible side. 

As the heat spectra from surfaces at the temperature of boil- 
ing water or melting ice are those to which the chief interest 
attaches, in connection with the temperature of the soil, and as 
these are not well shown on the same scale of ordinates with 
that of the red-hot copper, we give an independent representa- 
tion of these two in Plate 1, but upon the wave-length, not the 
prismatic scale. Their maxima of heat fall at points in the 
normal spectrum which (as we explain later) are only approxi- 
mately determinate on this scale, but which are probably at 
least as low as the points (/) corresponding to the boiling water 
maximum, and (9) corresponding to the position of the maxi- 
mum ordinate in the spectrum of ice, at the melting point, or 
lower. No attempt is made in this plate to represent the rela- 
tive amounts of heat in the solar and Leslie cube curves, but 
only their positions on the wave-length scale; and here also it 
will be understood that the latter curves really extend far 
further to the right than the limits of the plate admit of show- 
ing them, 

* The distinctive character of these radiations is also well shown by the fact 
we have found that a thick film of lampblack, which is nearly as impervious to 


the dark solar heat as to light, transmits more than 50 per cent of the rays in 
question. 
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These observations, then, show a real though slight progression of 
the point of maximum heat toward the shorter wave-lengths as the 
temperature rises. The position of the maximum ordinate of 
the lower curves is of course more difficult to determine, on ac- 
count of their flatness. 

The whole heat spectrum from most of these sources, it is 
interesting to note, passes through the prism at angles which 
the theories of our text books have heretofore pronounced 
impossible. ‘The existence of these radiations, and the relative 
amounts. of heat for each deviation, is certain, for these devia- 
tions are determined by the spectro-bolometer, in most cases 
with a probable error of less than a minute of arc; but when 
we pass to the next stage of our work, the determination of the 
corresponding wave-lengths, we cannot speak with such confi- 
dence. We have calculated the wave-lengths for some of the 
observations by means of Wiillner’s new formula,* 

A‘ 

where P, Q and 4,, are constants, depending upon the nature of 
the refracting substance, to be determined by observation. 

This formula Wiillner founds on Helmholtz’s theory, but he 
has tested it by our own observations with the glass prism. We 
have found the calculated values to agree with similar ones 
obtained directly from the curve representing the relation be- 
between n and A for rock-salt, which is shown in Plate 4, by 
measurements on points whose wave-lengths were known from 
our prior observations up to about 23,000 of Angstrém’s scale. 
Beyond this point we have continued the curve both by com- 
putation and by graphical extrapolation. We do not disguise 
from ourselves the danger of all extrapolations, although ours 
rest, it will be seen, on a wholly different basis from the ones 
depending on formule derived from the visible spectrum alone, 
since our curve has been already followed by direct observa- 
tions until it is almost coincident with a straight line. Up to 
this point then (within the limits of error already elsewhere 
given) there is no doubt, and unless there is some utter change 
in the character of the curve, such as we have no reason to 
anticipate, a tangent from the last part will not differ very 
greatly from the immediate course of the curve itself, and will 
at any rate meet the axis of abscissee sooner than the curve can. 
If we assume then the prolongation of the curve to agree with 
this tangent, we evidently assume a minimum value for all the 
wave-lengths measured by it, and that is what we have done. 

We are not prepared yet to speak of these wave-length 
values as exactly determinate, and they are here given as first 


* Wiedemann’s Annalen, Band 33, p. 307. 
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approximations. They are indeed sufficiently startling, to 
make us inclined to proceed with caution; but, speaking with 
the reserves indicated by the conditions referred to, I may say 
that we have every reason to believe that the minimum wave- 
length assignable to the minimum ordinate of the heat curve, in 
the spectrum of a source whose temperature varies from 100° to 
0° Centigrade, is a little less than 5y and a little over 6. and that 
these may be indefinitely greater. This refers, it will be remarked, 
only to the position of the maximum ordinate, while the extreme 
portions of tne curve measured on (corresponding to an index of 
1°45) have probably at least three times this wave-length. I shall 
be better understood, perhaps, if I say that some of the heat radi- 
ated by the soil has probably a wave-length of over 150,000 of 
Angstrém’s scale, or about twenty times the wave-length of the 
lowest visible line in the solar spectrum, as known to Fraun- 
hofer. 

These investigations are still going forward, and I hope soon 
to give more exact values. But I have presented the present 
ones, though imperfect, because they give us at least some 
knowledge “of a region of which we are at present quite ignor- 
ant, and ‘because they are thus I think of some interest both to 
the physicist and to the astronomer. To the physicist, as show- 
ing that the wave-lengths which Newton measured to the gg4qq 
of an inch are so far from being the limits of nature’s scale, that 
the existence of measurable wave-lengths of something greater 
than x/55 of an inch is rendered at least highly probable. To 
the astronomer, because we find that the heat radiated from the 
soil is of an almost totally different quality from that which 1s 
received from the sun, so that the important processes by which 
the high surface temperature of the planet are maintained, can 
now be investigated with, we may hope, fruitful results in con- 
nection with the researches here described. 

[should not close this preliminary account without stating 
that I have in these observations been throughout and at every 
stage, indebted to Messrs. F. W. Very and J. E. Keeler of this 
Observatory, for a collaboration without which it could not 
have appeared in its present form. 
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CHARLES WRIGHT died on the 11th of August, at Wethers- 
field, Conn., at the home where he was born on the 29th of 
October, 1811, and where the early as well as the later years 
of his life were passed. He received his education in the 
grammar school of his native village and at Yale College, 
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which he entered in 1831, graduating in 1835. His fondness 
for botany was developed while he was in college, although, so 
far as we can learn, he had no teacher. The opportunity of 
gritifying this predilection in an inviting region may have de- 
termined his acceptance, almost immediately after graduation, 
of an offer to teach in a private family at Natchez, Mississippi. 
Within a year pecuniary reverses of his employer terminated 
this engagemerit. At this time there was a flow of immigra- 
tion into Texas, then an independent republic; and Mr. 
Wright, joining in it, in the spring of 1837, made his way 
from the Mississippi to the Sabine, and over the border, chiefly 
on foot, botanizing as he went. Making his headquarters for 
two or three years at a place then called Zarvala, on the Neches, 
he occupied himself with land-surveying, explored the sur- 
rounding country, “ learned to dress deer-skins after the manner 
of the Indians, and to make moccasins and leggins,” ‘‘ became 
a pretty fair deer-hunter,” and inured himself to the various 
hardships of a frontier life at that period. When the business 
of surveying fell off he took again to teaching; and, in the 
year 1844, he opened a botanical correspondence with the 
present writer, sending an interesting collection of the plants of 
Eastern Texas to Cambridge. In 1845 he went to Rutersville 
in Fayette County, and for a year or two he was a teacher in a 
so-called college at that place, or in private families there and 
at Austin, devoting all his leisure to his favorite avocation. 
In the summer of 1847-8 he had an opportunity of carrying 
his botanical explorations farther south and west. His friend 
Dr. Veitch, whom he had known in Eastern Texas, raised a 
company of volunteers for the Mexican war, then going on 
(Texas having been annexed to the United States), and gave 
Mr. Wright a position with moderate pay and light duties. 
This took him to Eagle Pass on the Mexican frontier, where he 
botanized on both sides of the river. He returned to the 
north in the autumn of that year, with his botanical collee- 
tions, and passed the ensuing winter in Connecticut and at 
Cambridge. 

In the spring of 1849, Mr. Wright returned to Texas, and, 
at the beginning of the summer, with some difficulty obtained 
leave to accompany the small body of U. S. troops which was 
sent across the unexplored country from San Antonio to El 
Paso on the Rio Grande. Notwithstanding some commenda- 
tory letters from Washington, no other assistance was afforded 
than the conveyance of his trunk and collecting paper. He 
made the whole journey on foot, boarded with one of the 
messes of the transportation train, and endured many priva- 
tions and hardships. The return to the seaboard, in autumn, 
was by a rather more northerly route and under somewhat less 
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untoward conditions. The interesting collection thus made 
first opened to our knowledge the botany of the western part 
of Texas. It was published, as to the Polypetale and Com. 
posite, in the third volume of the Smithsonian Contributions 
to Knowledge, as Plante Wrightiane, part 1, in 1852. 

A year and more was then passed in the central portion of 
Texas, awaiting the opportunity for other distant explorations, 
supporting himself in part by teaching a smail school. At 
length, in the spring of 1851, he joined the party under Col. 
Graham, one of the commissioners for surveying and determin- 
ing the United States and Mexican boundary from the Rio 
Grande to the Pacific, accepting a position partly as botanist, 
partly as one of the surveyors, which assured a comfortable 
maintenance and the wished-for opportunity for botanical ex- 
ploration in an untouched field. Attached only to Col. Gra- 
ham’s party, he returned with him without reaching farther 
westward than about the middle of what is now the territory 
of Arizona, and in the summer of 1852 l.e returned with his 
extensive collections to San Antonio, and thence to Saint Louis, 
to deliver his Cactacez to Dr. Engelmann, and with the re- 
mainder to Cambridge. These collections were the basis of the 
second part of Plante Wrightiane, published in 1853, and, in 
connection with those of Dr. Parry, Professor Thurber and Dr. 
J. M. Bigelow, etc., of the Botany of the Mexican Boundary 
Survey, published in 1859. As Mr. Wright collected more 
largely than his associate botanists, and divided his collections 
into sets, his specimens are incorporated into a considerable 
number of herbaria, at ome and abroad, and are the types of 
many new species and genera. No name is more largely com- 
memorated in the botany of Texas, New Mexico, and Arizona 
than that of Charles Wright. It is an Acanthaceous genus of 
this district, of his own discovery, that bears the name of Carlo- 
wrightia. Surely no botanist ever better earned such scientific 
remembrance by entire devotion, acute observation, severe ex- 
ertion, and perseverance under hardship and privation. 

Mr. Wright’s next expedition was made under more pleas- 
ant conditions. It was a long one, around the world, as botan- 
ist to the North Pacific Exploring Expedition, fitted out under 
Cfptain Ringgold, who was during the cruise succeeded by 
Commander John Rodgers. After passing the winter of 1852-3 
at his home in Connecticut and at Cambridge, he joined this 
expedition in the spring, and sailed in the U.S. Ship Vin- 
cennes from Norfolk, Virginia, on the 11th of June. The col- 
lections made when touching at Madeira and Cape Verde were 
of course unimportant; but at Simon’s Bay, just round the 
Cape of Good Hope, a stay of six weeks resulted in a very 
considerable collection of about 800 species, within a small 
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area, the Cape being wonderfully crowded with kinds of plants. 
The voyage was thence to Sydney and through the Corai Sea 
to Hongkong, which was reached about tlre middle of March, 
1854. The collection of over 500 species of phznogamous 
plants which was made during that spring and sammer, upon 
this little island, and supplemented in the spring of 1855, was 
in part the basis of Bentham’s Flora Honkongensis. In the 
autumn of 1854, interesting collections were made on the Bonin 
and Loo Choo Islands, and later upon the islands between the 
latter and Japan. Still more extensive and important were 
the botanical collections made in Japan, especially those of the 
northern island, although the stay was brief. Also those made 
in Bering Straits, mainly on Kiene or Arakamtchetchene Island, 
on the verge of the polar sea, where the scientific members of 
the expedition passed the month of August and a part of Sep- 
tember, 1855. Reaching San Francisco in October, the season 
being unpropitious for botany, Mr. Wright was detached from 
the expedition, and came home by way of San Juan del Sur 
and Nicaragua, botanizing for a few weeks upon an island in 
the Lake, and thence by way of Greytown to New York. 

In the following autumn (of 1856) Mr. Wright began his 
prolific exploration of the botany of Cuba. Landing at San- 
tiago de Cuba, on the south-eastern part of the island, he 
passed the winter of 1856-7 and the greater part of the ensu- 
ing summer in that nearly virgin district, most hospitably 
entertained by his countryman Mr. George Bradford, and 
among the caffetals of the mountains by M. Lescaille, returning 
home with his rich collections early in the autumn. A year 
later he revisited Cuba, was again received by his devoted 
friends, extended his botanical explorations to the northern 
coast, and also farther westward, exchanging the dense virgin 
forest for open pine woods, like those of the Atlantic Southern 
States, stopping at various hatos or cattle-farms on his route, 
but reaching better accommodations at Bayamo, when his 
kind host, Dr. Don Manuel Yero, assisted him in making some 
profitable mountain excursions. In the winter and spring of 
1861 he was again domiciled with the Lescailles at Monte Verde 
and at the other coffee-plantations of this kind family; and from 
thence he was able to extend his herborizations to the eastern 
coast from Baragoa to Cape Maysi. The next winter he made 
his way westward to near the center of the island, making 
headquarters at the sugar plantation of the hospitable Don 
Simon de Cardenas, thence visiting the Cienaga de Zapata, a 
great marshy tract toward the south coast. In early summer 
he transferred his indefatigable operations to the Vuelt-abajo, as 
it is called, or that part of Cuba westward of Habana, making 
his home at Balestena, a cattle-farm at the southern base of the 
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mountains opposite Bahia Honda, where he was long most hos- 

itably entertained by Don Jose Blain and Don F. A. Sauvalle. 
sn thence he pushed his explorations nearly to the south- 
western extremity of the island at Cape San Antonio. In the 
summer of 1864 he came home with his large collections, re. 
maining there and at Cambridge for about a year. 

In the autumn of 1865, he went again and for the last time 
to Cuba, again traversed the Vuelt-abajo in various directions, 
proceeded by steamer to Trinidad and botanised in the moun- 
tains behind that town, thence by way of Santiago he revisited 
the scenes of his earlier explorations and the surviving friends 
who had efficiently promoted them. The oldest and best of 
them, the elder Lescaille, was now dead. In the month of July, 
1867, our persevering explorer came home. 

Mr. Wright’s Cuban botanical collections, from time to time 
distributed into sets, with numbers, were acquired by several 
of the principal herbaria,—the fullest sets of the Pheenogamous 
and vascular Cryptogamous plants, by the herbarium of Cam- 
bridge and by the late Professor Grisebach of Géttingen. Pro- 
fessor Grisebach was in these years engaged with his Flora of 
the British West Indies; so that he gladly undertook the de- 
termination of the plants of Cuba. They were accordingly 
mainly published in Grisebach’s two papers, Plante Wrightiane 
e Cuba Orientali, in the Memoirs of the American Academy of 
Arts and Sciences, 1860 and 1862, and in his Catalogus Plantarum 
Cubensium eaxhibens collectionem Wrightianam aliasque minores ex 
Insula Cuba missas, an 8vo. volume, published at Leipsic in 
1866. The latter work enumerates the Ferns and their allies: 
but those for the earlier part were published in 1860 by Pro- 
fessor Eaton, in his Filices Wrightane et Fendleriane, a paper 
in the eighth volume of the Memoirs of the American Acad- 
emy. The later collections are incompletely published in the 
Flora Cubana, a volume issued by F. A. Sauvalle at Habana, 
in 1878 and later,—a revision of Grisebach’s Catalogue (without 
the references, but with Spanish vernacular names attached) 
which was made by Mr. Wright, who added descriptions of a 
good many new species. ‘The only other direct publication by 
Mr. Wright is his Notes on Jussiea, in the tenth volume of the 
Linnean Society’s Journal. As to the lower Cryptogams, Mr. 
Wright’s very rich collections were distributed in sets and pub- 
lished by specialists ; the Fungi by Berkeley and the late Dr. 
Curtis; the MJusci, by the late Mr. Sullivant, the Lichenes, by 
Professor Tuckerman in large part, and certain tribes quite 
recently by Miiller of Geneva. So Mr. Wright’s name is deeply 
impressed upon the botany of the Queen of the Antilles, 

There was a prospect that he might do some good work for 
the botany of San Domingo. For in 1871, a Government ves- 
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sel was sent to make some exploration of that Island, and Mr. 
Wright went with it. It was in winter, the dry season, and 
the excursion across the country was hurriéd and unsatisfac- 
tory ; so the small collection made in this, his last distant botan- 
izing, was not of much account. 

Mr. Wright's botanizing days were now essentially over. 
He made, indeed, a visit to the upper part of Georgia in the 
spring of 1875. But this was mainly for recuperation from the 
effects of a transient illness, and for seeing again a relative and 
companion of his youth from whom he had long been separated. 
A large part of several years was passed at Cambridge, taking 
a part of the work of the Gray Herbarium; and one winter was 
passed at the Bussey Institution, in aiding his associate of the 
South Pacific cruise, Professor Storer. Of late there fell to 
bim the principal charge of the family at Wethersfield, consist- 
ing of a brother who had become an invalid, and of two sisters 
in feeble health, all unmarried and ageing serenely together. By 
degrees his own strength was sapped by some organic disease 
of the heart, which had given him serious warning; and on the 
eleventh of August he suddenly succumbed, while making his 
usual round at evening to look after the domestic animals of 
the homestead. Not returning when expected, he was sought 
for; the body was found as if in quiet repose, but the spirit had 
departed. 

Mr. Wright was in person of low stature and well-knit frame, 
hardy rather than strong, scrupulously temperate, a man of 
simple ways, always modest and unpretending, but direct and 
downright in expression, most amiable, trusty, and religious. 
He accomplished a great amount of useful and excellent work 
for botany in the pure and simple love of it; and his memory is 
held in honorable and grateful remembrance by his surviving 
assceiates. 


GEORGE W. CLINTON died, at Albany, on the 7th of Sep- 
tember last, in the 78th year of his age. He was the son of 
DeWitt Clinton, one of the most distinguished governors, and 
the grand-nephew of George Clinton, the first governor of the 
State of New York. He was born on the 13th of April, 1807, 
whether in the city of New York or in the home on Long 
Island is uncertain; he became a student in Albany Academy 
in the year 1816, when his father entered upon his first tenure 
of office as governor, entered Hamilton College in 1821, was 
graduated in 1825, was led by his early scientific tastes to the 
study of. medicine, which he pursued for a year ortwo. At 
least he attended two courses of lectures at the then flourish- 
ing country medical school at Fairfield, N. Y. There his ac- 
quaintance with Professor James Hadley further developed his 
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fondness for chemistry and botany, as it did that of the writer 
of this notice a few years afterward. He also came under the 
instruction or companionship of Dr. Lewis C. Beck, a younger 
brother of his medical preceptor Dr. T. Romeyn Beck, attended 
a course of private lectures on Botany given by Dr. Wm. 
Tully, entered into correspondence with Rafinesque, Torrey, 
etc., and so bid fair to give himself to scientific studies, as we 
may suppose with the approval of his father, who, it is well 
known, had a decided scientific bent. But Governor Clinton's 
death in February, 1828, wrought a change in his prospects 
- and in the course of his life. Acting upon the advice of his 
father’s friend, Ambrose Spencer, the distinguished Chief Jus- 
tice of the State, he took up the study of law, attended the 
law-lectures of Judge Gould at Litchfield, Connecticut, and 
continued his studies at Canandaigua, N. Y., in the office of 
John C. Spencer, whose daughter he married. Admitted to 
the bar in 1831, he established himself at Buffalo in 1836, 
and practiced his profession most acceptably at the bar until the 
year 1854, when he became judge of the Superior Court of 
that city. This honorable position. he continued to hold with 
. entire approbation until January, 1878, when he retired under 
the provision of the constitution upon attaining the age of 70 
years. Then he resumed the practice of the law for two or 
three years; but at length he took up his residence in Albany, 
partly for the more convenient rendering of his service asa 
Regent of the University of the State, and its Vice Chancellor, 
but mainly for investigating and editing the papers and writ- 
ings of his great uncle George Clinton. On the afternoon of 
the 7th of September he took an accustomed walk in the Rural 
Cemetery of Albany, and there he died, probably quite instan- 
taneously ; for when his body was found two or three hours 
later, some unwithered sprays of White Melilot, which he had 
gathered, were still clasped in his hand. 

Judge Clinton’s professional life need not here be considered. 
I did not know him, but knew of him, as a botanist in 
his younger days. About the year 1860, after buying a 
botanical book for his daughter, the turning over its pages 
revived an almost forgotten delight; and when his attention was 
again given to the flowers he had long neglected, we soon came 
into correspondence. ‘I might have become a respectable 
naturalist,” he writes, “ but was torn from it in my youth, ... 
To become a botanist is now hopeless; I am, and must remain, 
a mere collector. But then I collect for my friends and for the 
Buffalo Society of the Natural Sciences. If I can please my 
friends and help the Society, it pleases me. I want it to suc- 
ceed. Money I cannot give it, and I give it all I can, the ben- 
efit of my example and pleasant labors.” An instructive and 
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pleasant, and on his part a sprightly correspondence it has been ; 
and most ardent and successful were his efforts in the develop- 
ment of the Society of Natural Sciences over which he pre- 
sided, and especially of its herbarium which he founded. In the 
spring of 1864 he wrote: “To-morrow I believe I shall be able 
to mail you my Preliminary List of the Plants of Buffalo. 
And I demand that, immediately upon its reception, you write 
me, saying ‘ pretty well for you.’ Ido feel gratified that I have 
at last made the mitiest mite of a contribution to science. [ 
know how extremely minute it is. I would not be so exact- 
ing but for the fact that my letter-book is just full, and I want 
to commence a new one with a letter from you, I mean with a 
note from you: a letter is too ambitious.” 

As this modest Preliminary List exemplifies the beginning, 
so the full and critically prepared Catalogue of the Native and 
Naturalized Plants of the City of Buffalo and its Vicinity (pp. 
215), published in 1882-3, marks the conclusion and shows the 
fruits of Judge Clinton’s work upon the flora of the district 
around Buffalo. This Catalogue was, indeed, prepared and 
published by his near friend and associate, Mr. Day, with a 
thoroughness and judgment which have been much com- 
mended. But the collection and elaboration of the materials, 
the critical determination of the species, and the preparation of 
the “Clinton Herbarium,” as it is now appropriately called, were 
essentially his own work in the hore subsecive of a busy pro- 
fessional life. If during middle life, and while making his 
way in his chosen vocation he abandoned his early scientific 
avocation, he took it up again when he had achieved a position 
which allowed some well-earned leisure, and he pursued it with 
an added zeal and energy and acumen, which should give his 
name a place among the botanical worthies,—to be remembered 
after those who knew and appreciated and loved him have 
passed away. A little Scirpus specifically bears his name, 
but I never see the modest liliaceous plant of our northern 
woods, called Clintonia in honor of the father, without associ- 
ating it with the son. 

Judge Clinton’s contributions to the literature of the legal 
profession consisted mainly of his Digest of the Decisions of 
the Law and Equity Courts of the State of New York, in three 
stout volumes. But he was a not unfrequent and a fascinating 
writer in the newspapers of the city, an occasional lecturer 
upon historical as well as scientific topics, and an organ- 
izer or promoter of every good civic work. He was a per- 
son of marked and distinct individuality. It has been said of 
him that “ he was not like anybody else, did not look like any- 
body else, and did not talk like anybody else.” But his ways 
and his conversation were peculiarly winning and delightful. 
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Of a rather large family of children, four survive, two of them 
sons, and a goodly number of grandchildren. 


Epmonp BoissiER died on the 25th of September, at his 
country residence in Canton Vaud, Switzerland, at the age of 
seventy-five years and three months. Having known him per- 
sonally almost from the beginning of his botanical career, which 
has been so honorable and distinguished, it is a melancholy 
satisfaction, as well as duty, to pay this passing tribute to his 
memory. 

Boissier came from one of those worthy families which were 
lost to France and gained to Geneva by the revocation of the 
Edict of Nantes,—a family that has proved its talents and high 
character in more than one of its members. Madame the Coun- 
tess de Gasparin is a sister, next to him in age, and the two had 
their education very much incommon. He was born at Ge- 
neva, May 25, 1810, brought up and educated there, except that 
the summers were passed at his father’s place at Valeyres, 
which he in time inherited, and where his life was closed. From 
his youth he was fond of natural history and of travel. It was 
not in his disposition, nor of the Genevese spirit of that day, to 
lead an aimless life; so, when he came to choose what may be 
called his profession, it was natural that, at Geneva, in the 
days of the elder De Candolle, he took to botany. He showed 
his great good sense by his early judicious choice of a field and 
by his unbroken devotion to it. To the Mediterranean region, 
to Southern Spain, and the Orient most of his work relates. 
After a year or two of careful preparation he went to Spain, in 
1837, explored especially Granada and the eastern Pyrenees, 
and between 1839 and 1845 brought out his Voyage Botanique 
dans le midi de 1 Espagne, in two large quarto volumes, the first 
of narrative and plates, 180 in number, the second of descrip- 
tive matter relating to the Granadan flora. Among the species 
he brought to light was the Abies Pinsapo, the beautiful fir-tree 
now so well known in cultivation. His narrative, besides its 
botanical interest, is charming reading. 

In 1842, after his marriage to his cousin, of the de la Rive 
family, he traveled with his wife in Greece, Anatolia, Syria, and 
Egypt. It was to his dear companion that he dedicated two of 
their joint discoveries, Omphalodes Lucilie and Chionodoxa 
Lucilie. In 1849 he experienced the great sorrow of his life 
in her death from typhoid fever, during a second journey 
in the south of Spain. Between 1842 and 1854 he pub- 
lished the first series of his Diagnoses Plantarum Orientalium 
Novarum, filling two volumes, and in 1855 the second series of 
almost equal extent; in 1848 he completed his monograph of 
the Plumbaginacee ; in 1862 he promptly finished his con- 
scientious elaboration of the great genus Huphorbia for DeCan- 
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dolle’s Prodromus, and in 1866 brought out the /cones Huphor- 
biarum, of 120 folio plates from outline drawings by Heyland. 
In 1861 he made a trip to Norway with his associate, Reuter. 
Not to mention other journeys, he was again in Spain and adja- 
cent countries in 1877, and lastly, in 1881, his eighth visit,—then 
in wretched health. Passing by scattered papers of his, we 
come to his great work, the Flora Orientalis, in five octavo vol- 
umes. It comprehends Greece and Turkey up to Dalmatia and 
the Balkans; the Crimea; Egypt up to the first cataracts; North- 
ern Arabia down to the tropical line; Asia Minor, Armenia, 
Syria, and Mesopotamia; Turkestan up to 45° of latitude ; 
Persia, Afghanistan, and Beloochistan—that is, up to the bor- 
ders of India. The first volume was published in 1867: the 
fifth, in 1884, brings the work down to its conclusion with the 
Pteridophytes ; and the manuscript for a supplementary vol- 
ume, for recent discoveries and some re-elaboration, was about 
half finished when he laid down his pen under an attack seem- 
ingly no worse than the many he had recovered from, but 
which now terminated his earthly life. 

It was a noble life, shadowed by an early bereavement, and 
in later years worn by painful disease,—the manly life of one 
who lived simply and wrought industriously where many oth- 
ers with his independent fortune would have lived idly and 
luxuriously; and he was no less a loyal and publie-spirited citi- 
zen. Upon an occasion when, long ago, we met him at Geneva, 
he had no time for botanical parlance, for he was doing duty in 
the ranks of the federal army. Later, at a time of commotion at 
Geneva, he helped to quell a revolutionary riot, and received a 
painful bayonet wound in the service. True to his ancestry, 
he was a devoted Protestant Christian, a trusted member of the 
synod of the Free Church in Canton Vaud, where he lived when 
not in winter residence at Geneva, and where his assiduous 
attentions to the poor and the sick will be remembered. He 
was a man of fine presence, and till past middle life of much 
bodily vigor. Asa botanist he gave himself to systematic work 
only, for which he had a fine tact, and, like the school in which 
he was bred, perhaps a faculty for excessive discrimination. 
No man living knew the Europeo-Caucasian plants so well, or 
could describe them better; and his herbarium must be, with 
possibly one rival, the most extensive and valuable private col- 
lection in Europe. He loved living flowers as well, and rejoiced 
in his choice conservatory collections at Rivage, on the shores 
of the Leman, and in his well-stocked rock-works of alpine plants 
which adorn his grounds at Valeyres. 

A charming biographical notice by one who knew him well 
through his whole life, M. de Candolle, is contained in the 
Archives des Sciences of the Bibliothéque Universelle de 
Généve for October last. 


a 


22 F. E. Nipher—Surfaces of the Compound Pendulum. 


JOHANNES AUGUST CHRISTIAN ROEPER died on the 17th of 
March, 1884, at the age of eighty-four. He had been for some 
time the oldest botanist we know of, at least the oldest botani- 
cal author; for his first work, a monograpn of the German spe- 
cies of Euphorbia, was published in 1824. He was director of 
the Botanic Garden at Basle in 1828, when he published his 
classical paper De Organis Plantarum, and he may have been so 
in 1826, when he contributed to Seringe’s Melanges Botaniques 
his paper on the nature of flowers and of inflorescences, which 
first put the latter upon a scientific basis and essentially estab- 
lished the present nomenclature. He was botanical professor 
there in 1830, when he published his tract De Floribus et Affini- 
tatibus Balsaminearum. In these essays he gave the promise of 
being one of the foremost morphological botanists of the age. 
Some time before the year 1840 he was translated to Rostock, 
where he held the botanical professorship for more than forty 
years, but without fulfilling the promise of his youth by 
additional contributions to the science of any considerable 
importance. There are, however, some articles from him in 
the Botanische Zeitung, and other German periodicals, the 
latest in the year 1859. In 1851 he was chosen a Foreign 
Member of the Linnean Society of London. We find no record 
of the place or time of his nativity. but we infer from a state- 
ment in the preface of his work on Euphorbia, which was pub- 
lished at Goettingen, that he was German, and not Swiss. He 
is said to have been most amiable, and of deep religious convic- 
tions. 


Art. Iil.—TZhe Isodynamic Surfaces of the Compound Pendu- 
. lum ;* by Francis E. NIPHER. 


In discussing the compound pendulum, the statement is 
sometimes made, that particles near and below the axis of sus- 
pension are retarded, and that those near the bottom of the 
pendulum are accelerated by reason of their connection with 
the system. The series of particles forming the axis of oscilla: 
tion are neither accelerated nor retarded. 

In a general way, so far as it concerns the time of a complete 
oscillation, this is all true, but it is not true in any compound 
pendulum that the particles near the bottom continually exert 
a retarding effect upon the system. At any given instant, cer- 
tain particles in the system tend*to diminish the actual accelera- 


* Read before the St. Louis Academy of Science, Oct. i9th, 1885. 
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tion, while others tend to increase it. These two tendencies 
always balance, although the value of each continually varies. 
These two groups of particles are separated by a surface, each 
particle of which has uo tendency to change the acceleration of 
the system, at that instant. The axis of oscillation always lies in 
this surface. On either side of this neutral surface there must be 
surfaces of equal tendency, those on one side having a plus, 
and those on the other side a minus sign. It is required to 
find the loci of these isodynamic surfaces at any given instant. 
This can be done by means of well known equations for the 
pendulum, which are first given. 

In fig. 1, let O represent the axis of 
oscillation, G the center of gravity, and 
S the axis of suspension. Call SG=K; 
S O=/, and let 7 be the distance of any 
element of mass dm from the axis S. 
Let angle V SO, and-a the angle 
between the lines 7 and v, V S being the 
vertical plane containing the axis S. 

The entire mass of the pendulum may 
be supposed condensed on the vertical 
plane passing through G, and at right 
angles to the axes O and §, each element 
of mass being supposed to be projected 
along a line parallel to. those axes. The 
pendulum then becomes a thin plate 
of varying density, lying in the plane 
of the paper as in fig. 1. 

This supposed condensation is really unnecessary in a rigid 
system, as the center of gravity G, and the element dm, may 
lie in different planes, at right angles to the axis S without in 
any way changing the result. 

At any instant the linear acceleration of O is g sin @ and its 


angular acceleration is J sin @. This is also the angular accel- 


eration of every other particle in the system. The linear accel- 


eration of dm is therefore +9 sin 6. The force required to 


produce this acceleration on d m is 
K’=dm g sin 4, 
The moment of this force about § is 
F’r = dm a g sin 6 (1) 


If the element dm were disconnected from the system, its 
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linear acceleration in falling as a simple pendulum would be g 
sin (0+a) and the moment of the force required to produce this 
acceleration would be 
F’r = dm rg sin (0+ a) (2) 
Subtracting (1) from (2), 
r(F’—F’) = dmgr sin (6+a) — dm g sin 6 (3) 
The factor F’’—F’=d F is a force which must be impressed 
upon dm in excess of its tangential weight-component, in order 
to impart to the element its real acceleration at the given in- 
stant. This force may be either positive or negative, the sign 
depending upon the position of d m, and the direction of swing. 
The integral of (8) for the entire system is necessarily zero, or, 
dmgr sin — sin 7*=0. (4) 
e 
The first term is the moment of the weight of the system, 
referred to the plane VS. The second integral is the moment 
of inertia I, referred to the axis S. Hence, 
MgK sin 6 — sin 0I = 0, 
Where M represents the entire mass of the pendulum. This 
gives the well known value of 1. 
‘= — — 
M.K 
The loci of the isodynamic lines in the disc pendulum are 
determined from (3), which may be put into the following 
form : 
rd 
= rsin (6+ a) — — sin 6 
This expression represents the moment of the impressed force 
d F per unit of weight at any point determined by the values 
r,@and a. Making this value constant,=a, it gives the condi- 
tion for an isodynamic line, which is therefore— 


2 
a=rsin — sin 6 (6) 


Let S be the origin of a system of rectangular codrdinates, « 
being the horizontal and y the vertical codrdinate of dm. Then 


as and sin equation (6) becomes, 
l 
9 2 
sino” * sind” 


For a fixed value of @ and a varying value of a, this is the 
equation of a series of concentric circles, the common center 


being on the horizontal through S at a distance + one from 


(7) 
| 
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S. The radius of any circle is 


4 sedi sind“ (8), 
If a=o, we have the condition that the motion of a particle is 
unaffected by its connection with the system. The radius of 
of this neutral circle is therefore 
R'=4— 
“sin 6 (9) 
Equation (7) then becomes the equation of a circle containing 
the two points O and §, and tangent to VS at the point S. 
When S 0 is horizontal, R’ becomes $/ and when it is ver- 
tical R’= o@. The position of the neutral circle for various 
values of @ is shown in fig. 2. For a pendulum of 39 
inches, vibrating 2° on each side of the vertical, the radius of 
the neutral circle, or the distance of the common center varies 
between + 46 feet and +0. 


797 
viz 


Within the pendulum, the circle never departs materially 
from the tangent SV, particles on the one side tending always 


| 
| 
\\ 
\ \ 
a2 
| | 
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to increase, while those on the other side tend to diminish the 
actual acceleration of the pendulum. 
a=4R’=a’, reduces the ra- 


‘In (8) the condition a= 
4 sin 
dius to zero. This gives the value of a at the center of the 


concentric circles. If the value of a as deduced from (9) be 


n 6 
substituted in (8) it becomes 
1 a 
R (10) 

This is the equation of a parabola, the position of whose 

vertex is given by the conditions 

y=0 

x= R’ 

z= = 
the distance z being, of course, laid off at right angles to the 
plane of x, y. Revolving this parabola about its transverse 
axis, which is parallel to the axes O and S, the paraboloid of 
revolution obtained will represent the relation between @ and 
R for every point in the field. The changes which this surface 
undergoes during an oscillation of the pendulum, are very 
curious and interesting, but it is unnecessary to enlarge upon 
them here, further than to remark that the focus of the parab- 
oloid is always in the axis x, and its vertex is always in one 
of two right lines lying in a horizontal plane and making an 
angle of 80° with the axis a, and intersecting at S. 

These considerations are wholly independent of the maxi- 
mum amplitude of swing, and also of the geometry of the pen- 
dulum, excepting so far as it is involved in the distance 1. 

The concentric circles which represent the isodynamic lines 
of the disc pendulum, are of course the right sections of coaxial 
cylinders, which represent the isodynamic surfaces of any com- 
pound pendulum. 

When 6=0, these consecutive surfaces become a series of 
vertical and equidistant planes, as is shown by equation (6). 


Art. IV.—The Peridotites of the ‘‘ Cortlandt Series” on the 
Hudson River near Peekskill, N. Y. ; by Gko. H. WILLIAMs. 


_ Iv is proposed in this paper to give a petrographical descrip- 
tion of the most basic members of that interesting group of 
massive rocks which occurs on the -southern flank of the 
Archean Highlands about forty miles north of the city of New 
York. 

The writer is under great obligations to Professor James D. 


‘ 
‘ 
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Dana of New Haven, who called his attention to these rocks 
as affording promising material for petrographical study, and 
kindly volunteered to guide him in an excursion over them in 
the fall of 1883. A large number of specimens was subse- 
quently collected ; but many other pressing duties have since 
retarded the progress of the work. 

This group of rocks, covering an area of not over twenty- 
five square miles, is composed of many and varied members. 
It is separated quite sharply from the gneisses, mica-schists and 
limestones which surround it, showing none of the gradual 
transitions into these rocks which Hermann Credner, in his 
description of this district written in 1865,* supposed to exist. 
Professor Dana, who encountered these rocks in the course of 
his studies of the limestone belts of Westchester Co., N. Y., 
designated them as the “Cortlandt Series,”+ from their being 
principally confined to the township of Cortlandt, and pub- 
lished a quite detailed account of their mode of occurrence 
and macroscopic characters. He at first thought that they 
might have resulted from the metamorphism of very ancient 
voleanic ashes stratified by water while the surrounding sedi- 
ments were being deposited.{ He has, however, since ex- 
pressed the opinion, based on several new and excellent expo- 
sures, that at least the most basic members of the series are 
truly exotic, intrusive masses.§ 

Professor Dana. has divided all the massive Cortlandt rocks 
into five classes according to the nature of their most import- 
ant non-feldspathic ingredient, viz: (A) Hornblendic (diorite), 
(B) Hypersthenic (norite), (C) Augitic (diabase and gabbro), 
(D) Biotitic (diorite) and (E) Chrysolitic (peridotite). This 
classification may perhaps be advantageously followed, pro- 
vided it be remembered that no sharp line can be drawn be- 
tween the different groups; but that, on the contrary, every 
possible transition from each group into every other occurs. 
Indeed I know of no other region of massive rocks so well 
calculated to show the transitions, both sudden and gradual, 
of one rock-type into another. 

The writer now proposes to describe petrographically the 
different types of the Cortlandt Series in succession, commenc- 
ing with the most basic; this may be followed by an account 
of the highly contorted and metamorphosed schists which 
occur around their edge, while any general conclusions regard- 
ing the origin and material of these rocks will be reserved to 
the last. 

Such a study will serve as a contribution to our knowledge 

* Zeitschrift der deutschen geologischen Gesellschaft, xvii, 1865, p. 390. 

+ This Journal, III, xx, p. 194, Sept., 1880. 


Ibid., III, xxii, p. 111, Aug., 1881. § Ibid., III, xxviii, p. 384, Nov., 1884. 
|| Ibid., III, xx, p. 196, Sept., 1880. 


28 H. Williams—Peridotites near Peekskill, N. Y. 


of the little altered, ancient eruptive rocks of the United 
States ; a knowledge necessary for any intelligent work on the 
very interesting question regarding the metamorphism of erup- 
tive masses which is now beginning to attract the attention of 
geologists. 

In the present paper only such of the Cortlandt rocks will 
be described as contain the mineral olivine. These are, for the 
most part, destitute of any considerable quantity of feldspar 
and belong therefore to the family of Peridotites; in some 
cases, however, by an increase in the amount of this constit- 
uent, they pass gradually into olivine-norites, olivine-gabbros 
and olivine-diorites. 

Curysouitic Rocks. 


Class I.—Peridotite (Rosenbusch.) 


This class includes all massive, holocrystalline rocks of a 
granular structure, which are free from feldspar and contain, as 
their most characteristic constituent, the mineral olivine. The 
peridotites have been variously subdivided according to the 
other minerals which they contain, but for the present purpose 
it will be necessary to distinguish only two groups, in one of 
which hornblende, in the other pyroxene, is the most important 
ingredient. It is not to be understood that the presence of one 
of these minerals in the least excludes the other; .both are al- 
‘ways present, but in such varying proportions that it will be 
advantageous to designate which of the two, in a given case, 
plays the principal rdle. Both of these groups of peridotite 
occurring in the Cortlandt Series, are, in some respects, quite 
different from any which have been heretofore described. 
They everywhere grade into one another, and into their corre- 
sponding feldspathic equivalents. 

Of all the rocks occurring in the earth’s crust none are so 
subject to alteration as those composed largely of olivine. 
Nothing, therefore, can be better calculated to give an idea of 
the wonderful freshness of all the rocks near Peekskill than 
the fact that this very mineral is here frequently in an almost 
unchanged condition. The peridotites weather superficially 
into a reddish brown soil, but specimens taken from a short dis- 
tance below the surface show hardly more than the beginnings 
of alteration. The frequent polished and striated rock surfaces 
met with indicate that the great glacier was probably instru- 
mental in ploughing off and removing the more decomposed 
material, thus exposing the fresher rock below.* 

The distribution of the-peridotites within the Cortlandt area 
is not a very extensive one. They are principally confined to 

*The freshness of these rocks is doubtless largely due to the relatively small 


amount of olivine which they contain. This, as will be shown in the sequel, is 
much less than that usually found in typical peridotites. 


. 
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the northern half of Stony Point on the west side of the Hud- 
son River, and to the southern portion of Montrose Point on 
the east side of the river opposite Stony Point. Even here, 
however, these rocks show a decided tendency to become feld- 
spathic. 
1. PERIDOTITE. 
Hornblende Picrite (Bonney);* Hudsonite (Cohen).+ 
The best locality for specimens of this type of peridotite 
is at King’s Ferry, in the extreme northwest corner of Stony 
7 Point, a small prominence on 
the west side of the Hudson, 
somewhat S. W. of Verplanck. 
Across the western portion of 
this point the New York, West 
Shore and Buffalo Railroad have 
recently made some long and 
degp excavations which admira- 
bly expose the chrysolite rocks, 
together with their line of con- 
tact with the mica-diorite on the 


> 
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north and with the mica-schist on the south. The road fol- 
lows the shore across the northern area of soda-granite (mica- 


* Qt. Jour. Geol. Soc., xxxvii, 1881, p. 137. Bonney’s name for this group of 
rocks is not a good one, inasmuch as picrite, by the sanction of long usage, indi- 
cates an aggregate of olivine and augite. Moreover Bonney considers the com- 
pact brown hornblende to have originated from the paramorphism of augite, a 
supposition which for the brown hornblende of the Cortlandt peridotites at least 
is wholly untenable. 

+ This rock resembles very much the well known “Schillerfels,” occurring neat 
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diorite), as shown in the accompanying map; and exposes its 
eastern side in a high wall which is intersected by several fine 
grained dykes. It continues southward through the chrysolitic 
area and crosses the point in a deep cutting where the contorted 
mica-schists, their intersecting dykes and their contact with the 
peridotite, are all distinctly to be seen. In a small railroad filling 
near King’s Ferry on the north side of Stony Point, large 
quantities of the peridotite have been thrown out of tke adjoin- 
ing cutting and here many varieties may be collected. 

The most remarkable among these varieties is a dark green, 
at first sight apparently fine-grained rock, which, however, 
when held in the proper light, exhibits glistening, bronze-col- 
ored cleavage surfaces often measuring 3X4 inches. The re- 
flection from these surfaces is, however, not altogether con- 
tinuous, being interrupted by small rounded grains of a dull 
green mineral whose nature cannot be determined with the 
unaided eye but which the microscope shows to be olivine or 
serpentine. 

This is precisely the structure possessed by the “ Schillers- 
path”’ or “ Bastit” of the Harz Mountains, which Professor 
Aug. Streng described as long ago as 1862.* It does not differ 
essentially from that of a feldspar crystal in graphic-granite 
whose cleavage surface is seen in reflected light to be inter- 
rupted by particles of uneven quartz. In fact this structure is 
so common in many massive rocks, especially in the more basic 
kinds, that I would venture to suggest the use of the term 
“* porcilitic ” (derived from the Greek zoextdog, mottled) for it. 

Professor Pumpelly has described the same phenomenon in 
the melaphyres of the Lake Superior region under the name of 
“luster-moltlings,”"+ a term adopted by Professor Irving for a 
similar structure which he found developed on a much larger 
the village of Schriesheim, a short distance north of Heidelberg in Baden, which 
has been elaborately described by Prof. E. Cohen (Benecke and Cohen: Geog- 
nostische Beschreibung der Umgegend von Heidelberg, 1881, pp. 141-148). This 
investigator regarded the large bronzy-looking crystals, enclosing smaller grains 
of the other constituents, as diallage. The same mineral is called ‘“ Schiller- 
spath ” by Fuchs and Bastite by Groth. Very recently however Cohen has re- 
vised his former determination and finds this mineral—as is the case in the 
Cortlandt rocks—to be hornblende. He therefore proposes to call this type of 
hornblende-olivine rocks ** Hudsonite,” on account of their extensive development 
on the Hudson River. (Neues Jahrbuch fiir Min., etc., 1885, IT, p. 242.) This 
name has already been used by Beck (Mineralogy of New York, 1842) for a vari- 
ety of diallage occurring near Cornwall, N. Y., so that it would seem to the 
writer preferable, if a new name is necessary. to adopt the term “ Cortlandtite” 
for this class of rocks which play such an important rdéle in the “ Cortlandt 
Series.” 

*He says: ‘“Charakteristish fiir den Schillerspath ist es, dass er tiberall von 
Grundmasse durchsetzt wird, so dass sein deutlichster Blaitter-Durchgang mit 
dunkeln, matten Fleckchen gesprenkelt ist.” (Neues Jahrbuch fiir Min., Geol 
und Pal., 1862, p. 533). 

+ Metasomatic development of the copper-bearing rocks of Lake Superior. 
Proc. Amer. Acad., vol. xiii, p. 260, 1878. 


G. H. Williams—Peridotites near Peekskill, N. Y. 31 


scale in the coarse grained olivine-gabbros of the same district.* 
Professor M. E. Wadsworth in a recent description of the 
Lherzolite from Presque Isle, Michigan, alludes to the same 
appearance and suggests that the reflecting mineral plays the 
same role in the peridotite that the iron does in the pallasites.+ 

In all cases heretofore described, the reflecting, bronzy min- 
eral appears to have been some variety of pyroxene—either 
augite, diallage or enstatite; in the peridotite from King’s 
Ferry, however, the glistening surfaces, as the microscope 
shows, are those of a brown hornblende.{ The individuals of 
this mineral are very large, being often four inches in diameter ; 
but, notwithstanding that they are so abundant as to be every- 
where in contact with each other, so full are they of inclusions 
of the other constituents that they do not together make up 
one-half of the entire mass of -the rock. (No. 90.)§ 

Another variety of this rock from the same locality, in which 
the reflecting surfaces of hornblende are considerably smaller, 
is much fresher than the one just described. (No. 95.) 

A macroscopical examination of these rocks is able to dis- 
close, in addition to the ingredients already mentioned, only 
frequent particles of magnetic pyrites (pyrrbotite) and glisten- 
ing flakes of a light green mica; a microscopical study of them, 
however, reveals much that is interesting. 

The Hornblende is undoubtedly the most important and 
characteristic constituent of this group of olivine rocks, for it 
is to this mineral that their peculiar habit is almost wholly 
due. That it is really hornblende which is present and not, as 
might be supposed by analogy with similar occurrences, some 
variety of pyroxene, is proven by the cleavage angle. Several 
measurements on a large Fuess reflection- goniometer gave 
values varying between 124° 15’ and 124° 50’ (calculated angle 
betweeen the prism (# P) faces for hornblende, 124° 30’). 

When examined under the microscope by transmitted light 
this mineral appears of a rich brown color, belonging to the 

* The Copper beariug Rocks of Lake Superior. Monographs of the U. 8. Geol. 
Survey, vol. v, 1883, p. 42. 

+ Lithological Studies. Part I. Mem. Mus. Comp. Zool. of Harvard College, 
vol. ix, p. 136, 1884, 

t Professor Bonney has recently described a peridotite from Swift’s Creek, 
Gipps’ Land, Australia, which very strongly resembles both thé Schriesheim and 
the Stony Point rock. The large cleavage surfaces with an interrupted luster 
Bonney determined to be those of hornblende. This mineral had a green color 
and only a weak pleochroism. It is considered by the author to be possibly of 
secondary origin having been produced by the paramorphism of the pyroxene. 
(See Mineralogical Magazine, vol. vi, p. 54, July, 1884.) 

§ The numbers given in connection with the different specimens are those of 
the collection of Cortlandt rocks belonging to the, Johns Hopkins University. In 
case a letter is attached to a number, W. indicates that the specimen or section in 
question belongs to the writer’s private collection, while D. refers to sections 


loaned by Professor James D. Dana, for whose kindness in this respect the writer 
would express his deep obligation. 
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variety known as basaltic hornblende. The difference in ab- 
sorption between the ray vibrating parallel to the axis of great- 
est elasticity, a, and either of the others is very marked; but 
between the rays vibrating parallel toc and b a difference is 
hardly observable.* The color of the c ray is a dark chest- 
nut; that of the b ray the slightest tinge lighter, while a is a 
light yellow. Theabsorption may be expressed by the formula 
c=b>>a.t In sections therefore which lie in the zone P OP 
a very strong change of color is observed when the stage is 
revolved over the polarizer. On the other hand sections nearly 
parallel to «© P& or oP remain dark brown by a complete 
revolution. This accounts for the fact that apparently non- 
pleochroic hornblende often occurs in the same section with 
such as is strongly pleochroic. The difference depends only 
upon the direction in which the mineral is cut. The extinction 
angle in a section cut parallel to the clinopinacoid, measured 
against the cleavage lines (vertical axis), gave values varying 
between 9° and 10°. 

The inclusions in this hornblende are both numerous and 
characteristic. The most common are opaque black needles, 
ranging in size from the finest dust to about ‘03 mm. in length. 

The majority of these are arranged 
either parallel to the vertical axis 
or else so as to make an angle of 
about 45° with this. Others appear 
quite irregular in their position. 
More rarely small transparent crys- 
tals, the largest of which are ‘05 mm. 

\ long and ‘02 mm. broad, occur with 
aE, |, the opaque needles. The nature of 
| these could not be determined. 
mg They seemed, however, to possess 
Za a sharp crystal form, a high index 
of refraction and a parallel extinction. These are most frequently 
arranged with their longest axes inclined approximately 45° to 
the c. axis of the hornblende, or perpendicular to it. Still more 
rarely than these transparent crystals, the hornblende contains 
inclusions of thin brown plates similar to those which are so char- 
acteristic of hypersthene. All of these interpositions, of which 
the opaque black needles as a rule occur alone, show a tendency 
to concentration toward the center of the hornblende, leaving a 
border near the edge comparatively free from foreign substances. 


*In the mineral hornblende, } (axis of middle elasticity) coincides with the 
crystallographic axis } (orthodiagonal); ¢ (axis of least elasticity) agrees nearly 


with c (vertical’axis), while a (axis of greatest elasticity and principal bisectrix) 
is situated in the plane of symmetry at right angles to c. 
+ Vid F. Becke, Tschermak’s Min. und Petrog. Mitth., 1882, p. 235. 
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Often however they form irregular patches scattered like little 
clouds over the brown background.* 

The hornblende itself never shows any trace of crystalline 
form. It fills the irregular spaces between the other constitu- 
ents, a single individual often covering a space some inches 
square. From its relations to the other minerals in the rock it 
is evident that it was the last to solidify, while the great size 
of the crystals would seem to indicate that the process of their 
formation went on very slowly. If, as seems probable, the 
portion of this rock now exposed cooled at a very considerable 
depth below the surface, the minerals like olivine, hypersthene 
and augite, which are commonly formed at comparatively high 
temperatures, might have separated out of the magma, leaving 
the remaining portion, which must have had almost exactly 
the composition of the brown hornblende, in a more or less 
pasty condition until the succession of a lower temperature, 
more in accordance with the amphibole than with the pyroxene 
arrangements of the molecules, finally allowed it to solidify in 
its present form. The well-known fact that the same molecule 
may crystallize at high temperatures as augite and at lower 
ones as hornblende, renders this a possible explanation of the 
curious structure of this rock. Itis equally applicable to such 
as contain no hornblende where bastite or diallage present the 
same appearance. Here also it is the youngest mineral (i.e. 
the one formed at the lowest temperature) which encloses the 
others. In this case, however, complete solidification of the 
rock may have taken place before the temperature was suffi- 
ciently lowered to make hornblende a more stable form than 
pyroxene. 

The hornblende seems particularly subject to alteration, 
which is often far advanced before the olivine or the pyroxene 
are materially affected. The first change which the hornblende 
undergoes is a bleaching, accompanying which is the almost 

* The inclusions here described in hornblende, as well as those mentioned beyond 
as occurring in the olivine, are identical with those which Professor J. W. Judd, 
of London, has recently treated with considerable detail in his paper on the 
Tertiary Peridotites of the Western Islands of Scotland. (Quarterly Journal of 
the Geological Society, vol. xli, p. 354, August, 1885.) This author considers all 
of the minute, indeterminable bodies which are so common in the feldspar, hypers- 
thene, diallage, hornblende and olivine of the more basic ancient eruptive rocks 
as secondary in their origin. He thinks that at the great depths at which these 
rocks were probably formed, the pressure imparted to the circulating waters such 
an increased solvent action that cavities having the form of negative crystals 
were produced in certain crystallographic planes, similar to the well-known 
“etzfiguren.” Into these cavities he supposes certain ingredients, which had 
been leached out of the mineral or out of other minerals surrounding it, to have 
been deposited. To such a secondary process, which is almost always accom- 
panied by the development of a glistening, bronzy luster on the planes in which 
the negative crystal cavities have been formed, Professor Judd applies the name 


“Schillerization.” (1. c., p. 383.) 
To the conclusion regarding the secondary formation of these well-known in- 


Am. Jour. Scr.—Tairp Series, VoL, XXXI, No. 181.—Jan., 1886. 
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total disappearance of the characteristic inclusions. The min- 
eral becomes nearly colorless and consequently nonpleochroic 
while retaining the compact structure and optical behavior of 
the unaltered portion. Later there is developed, particularly 
around the edge of the hornblende, a bright, emerald green 
substance which on account of its lack of dichroism and very 
feeble action on polarized light may be regarded as chlorite. 
Next to the hornblende the most important constituent of 
this rock is the olivine, which is remarkable both for its fresh- 
ness and for its beautiful inclusions. It is present in rounded 
grains or in well defined crystals upon which the usual combin- 
ation of domes, prism and pinacoids may be seen. These crys- 
tals vary from $ to 2 mm. in diameter. The mineral is quite 
colorless, with a high index of refraction, and is traversed by 
irregular cracks along which serpentinization may frequently 
be seen to have commenced, although in many sections there is 
hardly a trace of this alteration. The inclusions in this olivine, 
are quite similar to those which have been described in the 
olivine-gabbro from the island of Mull on the west coast of 
Scotland by Prof. Zirkel* and by Prof. Cohen in the so-called 
Hypersthenite from Palma.t They are black and opaque, having 
generally the form of minute, rounded grains or long rods ar- 


clusions in the manner above described, the present writer would take exception 
on the following grounds:— 

1st. It is by no means true that all crystals of the same mineral from the same 
locality, or even in the same specimen, always contain these inclusions in equal 
quantity. In the hypersthene of the Baltimore gabbros, for example, they are 
sometimes abundant, sometimes wholly wanting, and this is true even of indi- 
viduals occurring side by side in the same thin section. 

2d. Professor Judd’s explanation is inconsistent with the frequent zonal ar- 
rangement of these inclusions. If they were formed subsequent to the solidifi- 
cation of their host, we should expect to find them uniformly distributed; on the 
contrary in the hornblende above described and in many feldspars they are con- 
centrated toward the center or grouped in regular zones. 

3d. It does not appear to be a fact that, as Professor Judd suggests, the minerals 
in which these inclusions are most abundant, are lighter in color or less strongly 
pleochroic than those without them. In sections of the Baltimore gabbros no 
difference could be observed by the writer between either the color or pieochroism 
of hypersthene crystals destitute of inclusions and such as were completely filled 
with them. 

4th. The minerals in which the inclusions are most abundant are always ex- 
tremely fresh in their appearance. At the commencement of anything like alter- 
ation they are the first things to disappear. 

5th. Many inclusions of this class do act upon polarized light, indicating that 
they belong to definitely crystallized species. 

To the writer there seems every reason toregard the indications which produce 
“ schillerization”” as original in their nature. They appear to be composed of 
substances extruded from the rest during the process of its crystallization as in- 
capable of forming a part of its chemical composition, not unlike the crystalliza- 
tion of certain impurities in limestone as various silicates, when the limestone 
undergoes metamorphism to marble. 

* Zeitschrift der deutschen geologischen Gesellschaft, xxiii, 1871, p. 59, Pl. IV, 
Fig. I. Mikrosk. Beschaffenheit, p. 214. 


+ Neues Jahrbuch fiir Min., ete., 1876, p. 750. 
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ranged parallel to one or more of the crystallographic axes of the 
olivine, although they are sometimes more irregular in their 
distribution. Frequently these rods, instead of being straight, 
are variously bent and twisted, exhibiting the forms of trichites 
in obsigians. In such cases they show a tendency to form 
elliptical groups resembling a fine arabesque, as figured by 
Zirkel. The same author has observed that while these inclu- 
sions are very characteristic of the olivine of the older rocks, 
they are never found in that of the younger basalts. I 
could not see that those occurring in the Cortlandt peridotite 
were ever translucent as stated by Zirkel and Rosenbusch for 
other localities. There seems little doubt that they are com- 
posed of magnetite, since they are readily decomposed by acid, 
and since such grains of olivine as contain them in abundance 
are attracted by the magnet. 

Aside from the ordinary alteration of olivine to serpentine, 
which may be most instructively studied at every stage in the 
Cortlandt rocks, the most interesting phenomenon exhibited 
by this mineral is the beautiful development of reactionary 
rims or zones, wherever the olivine comes in contact with 
feldspar. This latter mineral is indeed no essential ingredient 
of the peridotites, but as already mentioned, they constantly 
show a tendency by its assumption to grade into olivine-gab- 
bros and olivine-norites. Wherever olivine comes in contact 
with feldspar, no matter how fresh both of the minerals may be, 
there is always present between 
them a double zone, the inner por- 
tion,nearest the olivine, being com- 
posed of square grains of nearly 
colorless pyroxene and the outer 
one of tufts of radiating actinolite 
needles of a beautiful bluish-green 
color and strongly pleochroie. Cer- 
tain slides in Professor Dana’s col- 
lection from Stony Point show this 
structure in great perfection, (see fig- 
ure). The interior band of pyroxene 
is here 0-07 mm. wide; the exteriorone0°15mm. The same phe- 
nomenon has been described by Térnebohm in the olivine-hyper- 
ites from O]me in Sweden* and is even more wonderfully devel- 
oped in a coarse grained olivine-norite from the south shore of 
Lake St. John, Prov. Quebec, Canada.t+ So constant is the de- 
pendence of this zone upon the contact of the olivine and the 
feldspar, that it must be in some way due to a reaction between 
the substance of these two minerals, the resultant amphibole and 


* Noues Jahrbuch fiir Min., ete., 1877, p. 383. 
+ Vid. F. D. Adams, Am. Naturalist, Nov., 1885, p. 1087. 
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pyroxene having an intermediate composition. So sharply de- 
fined, however, are the crystals of this zone against the per- 
fectly fresh feldspar and olivine substance that it is difficult to 
conceive of them as produced after the rock had entirely solidi- 
fied. They may have been formed by a reaction betwegn these 
substances while at least one of them—the feldspar—was crys- 
tallizing, although in some cases the formation of the actinolite 
seems to have continued after this time. In any event, all 
traces of this border around the olivine disappears the instant 
this mineral comes in contact with any other constituent than 
the feldspar. 

The pyroxene constituent of the peridotite from King’s Ferry 
appears to be for most part hypersthene. It sometimes forms 
small irregular grains not larger than those of the olivine, but 
in other specimens it is present in individuals which are over a 
centimeter in length, enclosing the smaller grains of both oli- 
vine and hypersthene like the hornblende. In all forms it 
possesses all the ordinary characteristics of hypersthene, ex- 
cept that it is singularly free from the usual inclusions. Its 


pleochroism is very strong: @= a ray, red; b= 6 ray, yellow; 


c=c ray, green. Its cleavage is well developed parallel to 
the prism (so P) and also still better parallel to the brachypina- 
coid (oP @). Its orthorhombic character is proven by its 
parallel extinction and the appearance of a bisectrix when such 
sections as are cut nearly perpendicular to the vertical axis are 
examined in converging polarized light. A common, non-pleo- 
chroic augite, in which a diallage habit is frequently developed 
by the presence of a parting parallel to the orthopinacoid, is 
also often to be observed in this rock, although in many speci- 
mens it is altogether lacking. As this constituent increases in 
importance the rocks grade into those of the next group. 

The only remaining silicate which enters into the composi- 
tion of the hornblendic peridotites is the biotite. This mineral 
rarely retains its brown color. It is generally so completely 
bleached as strongly to resemble muscovite in thin sections. 
It is much bent and twisted, often having small lenses of cal- 
cite interposed between its lamella, like those figured by Dr. 
Hussak.* Aside from mere bleaching, the formation of the 
bright green, chloritic mineral, noticed as an alteration product 
of the hornblende, is also frequent. ‘The true character of this 
mica is revealed by its very small axial angle—the hyperbolas 
being hardly seen to open at all when cleavage pieces are ex: 
amined in polarized light—as well as by the fact that rarely 
sections may be found which, have escaped the bleaching. 


* Anleitung zum Bestimmen der gesteinbildenden Mineralien, 1885, Taf. III, 
fig. 81. 
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These have the characteristic color and dichroism of biotite and 
sometimes contain acicular inclusions resembling the needles of 
rutile described by the writer in biotite from the Black Forest.* 

Feldspar though frequently accessory, is never an important 
constituent of these rocks. 

Magnetite, aside from composing the inclusions in the olivine 
above referred to, forms small grains which line the cracks in 
this mineral, and are especially abundant about its edge, where 
it is in contact with the brown hornblende. The large opaque 
grains scattered through the rock are almost all pyrrhotite, 
(magnetic pyrites (Fe,S,)); chromite or picotite were not ob- 
served ; another form of spinel however, pleonasi, recognized 
by its dark gre«n color and isotropic character, is not uncom- 
mon. This mineral is filled with thin opaque plates almost 
exactly like the inclusions in the well-known hercynite from 
Ronsperg in Bohemia. Apatite was hardly ever observed. 


2. AUGITE PERIDOTITE. 
. Picrite (Tschermak).+ 


The true picrites of the Cortlandt Series are very closely 
related to the hornblende-peridotites just described. They are 
connected by a complete series of transitional stages in which 
the amount of hornblende becomes less and less, while a non- 
pleochroic augite, which under the microscope appears nearly 
colorless, is developed in proportion. 

The best locality for the most typical picrite is near the east- 
ern bank of the river on the south side of Montrose Point. 
(No. 62). In this rock the brown hornblende, although still 
present in the form above described, is reduced both in amount 
and in the size of the individuals, while the augite reaches its 
maximum development. Montrose Point rises on the western 
side of the basin in which most of the Crugers brick-yards are 
situated, as a rather abrupt rocky wall. This is generally 
covered with a reddish, earthy deposit, due to the oxidation of 
the iron in the basic minerals of which it is composed. The 
rock, of which very fresh and unaltered specimens may be ob- 
tained near the river bank, is of a dark green color and of an 
even grain of medium coarseness. When examined with the 
unaided eye its most prominent feature is the glistening, black 
cleavage surfaces of hornblende. Small grains of magnetic 
pyrites and reddish spots indicating the former presence of an 
olivine crystal are abundant. 

In a thin section under the microscope the hornblende, in 
Spite of its prominence in the hand-specimen, is seen to be sub- 


* Neues Jahrbuch fiir Min., Geol. und Pal., II. Beilage—Bd., p. 617. 
+ Sitzungsber. d. k. Akad. in Wien., 1866. Bd. xl, p. 113. 
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ordinate to the pyroxene. This mineral is chiefly represented 
by a nearly colorless augite, which frequently assumes the 
habit of diallage by the development of a pronounced part- 
ing parallel to the orthopinacoid. In spite of this, however, 
the inclusions so characteristic of diallage are, in all of this 
monoclinic pyroxene, almost wholly absent. This mineral can 
of course show no pleochroism when it is so nearly colorless. 
Twinning lamellz parallel to the orthopinacoid are frequent, 
their boundary being often visible in ordinary light as a sharp 
line. The extinction angle in prismatic sections is in some 
instances as great as 40°. Cleavage fragments parallel to the 
orthopinacoid show in converged polarized light a single opti- 
cal axis which remains nearly stationary in the field when the 
stage of the microscope is revolved. 

Hypersthene, in all respects identical with that described as 
occurring in the hornblende peridotites, is common, but in no 
instance is it as abundant as the diallage. Very interesting in- 
stances of the parallel growth of these two minerals were ob- 
served where the orthopinacoids of both lie in the same plane. 
In some cases no line of demarcation could be seen between 
them, although the pleochroism of the hypersthene easily dis- 
tinguished it from the diallage. A crystal of the latter mineral 
looks as though it had become red and pleochroic at one extrem- 
ity or the other; but between crossed nicols the orthorhombic 
character of this pleochroic portion is very apparent and in 
great contrast with the high extinction angle of the diallage. 

The hornblende is likewise quite identical with that already 
described. It is, however, much reduced in amount and in the 
size of the individuals. In the abundance of its inclusions it 
forms a contrast to both of the pyroxenic constituents. 

The olivine shows no peculiarities which have not been 
already noted. It is not present in large amount but forms 
comparatively sharply defined crystals, scattered at intervals 
among the other constituents. It is often extremely fresh but 
in other cases completely changed to a yellow, isotropic ser- 
pentine. 

Considerable maynetite is readily extracted from the powder 
of this rock with a magnet. Neither apatite nor feldspar were 
observed in the sections of the Montrose Point rock. 

Another rock almost identical with the one just described 
from Montrose Point was collected about 135 yards west of 
Munger’s near Montrose station on the N. Y.C. R. R. (No. 46.)* 

Still another specimen (No. 54), which belongs to this type 
was obtained near the house of Mr. Butler, on the road leading 
from Montrose Point to Montrose Station. It represents a 


* Mentioned by Prof. Dana in this Journal, Sept., 1880, at the foot of page 217. 
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member of the extremely interesting section exposed here for 
350 feet and described by Professor Dana in his paper on the 
Limestone belts of Westchester County.* The rocks here vary 
considerably in their mineralogical composition at different 
points. They are for the most part quite massive but not in- 
frequently they exhibit signs of a schistose structure. This 
Professor Dana was inclined to attribute to only partially ob- 
literated stratification planes; but a microscopic study of the 
rocks in question shows most conclusively that the structure is 
one which was secondarily developed in massive rocks by the 
action of great pressure. Scarcely any specimen is better cal- 
culated to show the effects of such action on the minute inter- 
nal structure than the above mentioned No, 54. The minerals 
present are diallage, hypersthene, brown hornblende and a little 
olivine. The principal constituent is diallage in large rounded 
individuals which are frequently twinned and always possessed 
of that peculiar, finely striated (almost fibrous) appearance, 
which is well known to be the result of pressure.t These 
diallage crystals are often bent and, no matter what may be 
their crystallographic orientation, it can be seen that for all 
the pressure acted from one constant direction. Around these 
diallage individuals, and occasional hypersthene crystals which 
have been subjected to like influences, extend finely granular, 
curving bands of secondary pyroxene and brown hornblende. 
This granular aggregate encloses the large, rounded and bent 
pyroxene crystals like a groundmass and produces a structure 
similar to that seen on a larger scale in the “ augen-gneiss.”¢ 
Such fine-grained aggregates of secondary minerals enclosing 
the remains of larger original crystals have been admirably 
described and illustrated by Professor J. Lehmann§ in the 
“ Augen-gneisses, granulites and “ Flaser-gabbros” of Saxony 
and by Professor K. A. Lossen| in the metamorphosed diabases 
of the Harz Mountains. 

It is a fact not without significance in the case before us that 
brown hornblende is a very abundant constituent of the second- 
ary groundmass while it appears to be lacking among the origi- 
nal constituents, although the larger individuals of diallage 
appear in some cases to be passing into it by paramorphism. 

Two sections of Professor Dana’s collection marked St. 8 (D) 

* This Journal, Sept., 1880, p. 218. 

+ Vid. O. Miigge, Neues Jahrbuch fiir Min., Geol. u. Pal., 1883, i, p. 84, and 
van Werveke, ib., ii, p. 99. 

{ For the German term for this structure: “flaserige or mikroflaserige Struktur” 
there seems to be no exact English equivalent. It is common in the gneisses and 
is sometimes called lenticular structure. The term “flaser-structure” might be 
adopted for it from the German. 

§ Untersuchungen iiber die Entstehung der altkrystallinischen Schiefergesteine. 
Bonn, 1884. 

| Jahrbuch der kén, preuss. geologischen Landesanstalt fiir 1883, p. 619. 
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and St. 6 (D) belong to this class of picrites. A chemical analy- 
sis of the rock (No. 62) from the south side of Montrose Point 
was made by Mr. W. H. Emerson in the laboratory of the Johns 
Hopkins University with the following result :— 


(determined by difference) 


100°00 

Specific gravity = 3°30 at 15° C. 

f The sulphur may be referred to pyrrhotite. The high specific 
gravity and the percentage of ferric iron present indicate a con- 
siderable amount of magnetite. The almost equal quantities of 
lime and magnesia prove that neither hypersthene nor olivine 
can be largely represented among the constituents. The silica 
will be seen at once to be too high for a typical peridotite. In 
fact all the most basie rocks of the Cortlandt Series which have 
come under the writer’s notice are too acid to be classed as 
representative olivine-rocks. This manifests itself, as in the 
rocks here described, in the relatively small amount of olivine 
associated with the pyroxenic constituents or in their tendency 
to develop feldspar and so form transitions to olivine-gabbros 
and norites. 

A rock, which is quite common on the northern side of Stony 
Point and also to be met with at several localities in the town- 
ship of Cortlandt, possesses a composition intermediate between 

the hornblende-peridotite and the 

picrite. The groundmass of this 

rock is a moderately fine-grained, 

gray colored aggregate composed 

principally of diallage with some 

hypersthene and olivine. It corre- 

sponds quite closely to the picrite. 

Imbedded in this are sharply formed 

crystals of black hornblende from 

one to two centimeters in diameter. 

These are short prismatic in shape, 

being terminated at both ends by low 

dome faces so as to give cross-sections as shown in the figure. 
They are porphyritically scattered through the gray groundmass, 
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sometimes very abundantly, and produce a curiously mottled 
rock which is striking in appearance. These hornblende 
crystals are themselves filled with inclusions of the other con- 
stituents, just as are the irregularly shaped hornblendes of the 
hornblende-peridotite. (Specimens No. 94 from Stony Point 
and No. 121 from the center of Cortlandt township.) 

The rocks treated of in this paper, though all non-feldspathic 
and olivinitic and hence properly coming under the defini- 
tion of peridotite, are very closely allied to a large and impor- 
tant group in the Cortlandt Series from which both feldspar 
and olivine are absent. Especially on the northern side of 
Montrose Point curious and unusual massive rocks occur, com- 
posed only of augite, diallage, hypersthene, brown hornblende 
and a little biotite. These constituents are present in every 
conceivable size and proportion. Professor Dana has designa- 
ted these rocks as hornblendytes and pyroxenytes.* The 
writer hopes to communicate the results of a microscopic study 
of them, together with the gabbros and norites of the Cortlandt 
Series, in a later paper. 

Petrographical Laboratory of the Johns Hopkins University, Oct. 15, 1885, 


Art. V.—Description of a Meteorite from Green County, Ten- 


nessce; by Wm. P. BLAKE. 


THE meteoric iron, of which the following is a description, 
was found by a farmer ploughing his field, in Green County, 
Tennessee. It was completely buried in the earth and there is 
no knowledge of the time of its fall. In the year 1876 it was 
sent by General J. T. Wilder with the minerals of Tennessee 
to the International Exhibition at Philadelphia, and has since 
been in the writer’s collection at New Haven. The weight of 
the mags is 290 pounds, equivalent to 639°36 kilograms. The 
original weight is said to have been 300 pounds. It has been 
lessened by small portions cut from the ends of the iron and 
by exfoliation. 

The form of this iron is its most striking visible peculiarity, 
being an extremely regular long ellipsoid, tapering at each end 
to a flattened point, but having throughout its length an ellip- 
soidal section. It has been compared in shape to a flattened 
cigar. The form and general appearance of the mass are, how- 
ever, shown by the accompanying illustrations, Figure 1, a 
top view of the broadest surface, from a photograph, and figure 
2 an outline of the side view. 

The dimensions of this meteorite are: 


* This Journal, Sept., 1880, pp. 197, 198. 
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Inches. Meter. 
Length.... -. 9144 
Breadth 2540 
"1524 
5991 
The cutting off of small fragments from each end before it 
came into my possession has, apparently, reduced the original 
length three, or possibly as much 
as six, inches, assuming that the 
mass was prolonged in the direc- 
tion of the remaining surfaces. 

The surface is scaly and rusty, 
but is in general smooth and evenly 
curved, with the exception of sev- 
eral cup-shaped indentations or 
depressions, one of which, near 
one edge, gives the inward curva- 
ture in the elliptical outline seen 
in fig. 1. One of the depressions 
is nearly three inches broad and 
an inch in depth. So far as the 
examination of the mass has ex- 
tended, the interior not having yet 
been laid open to view, these de- 
pressions do not appear to be due 
to the weathering out of more or 
less globular inclusions, such as 
troilite or schreibersite, but rather 
to the unequal exfoliation. The 
mass when struck by a hammer 
is remarkably sonorous and seems 
to be very compact and sound 
throughout. 

This meteorite clearly belongs 
to the class of exfoliating deliques- 
cent irons, several examples of 
which have been found in ‘Tennes- 
see and the adjacent States of 
Georgia and North Carolina. The 

’ oxidized crust is in some places 

very thin and a few strokes of a 

file develops the unchanged bright 

iron below, but in other parts of 

the mass the crust has been found 

to be much thicker, especially 

after the meteorite has stood un- 

moved for several years. Flakes 

as broad as the hand, and nearly one-quarter of an inch in 
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thickness, have then been scaled off from the lower side. 
This scaling is the result of the gradual oxidation of 
the surface of the iron by the deliquescence of included 


iron protochloride—lawrencite of Daubrée—as shown by the 
abundant reactions for chlorine and the constant accumula- 
tion of moisture, especially upon the under surface of the 
iron. This deliquescence has for years been sufficient to cause 
drops of perchloride of iron to form and fall off at times upon 
the support below. The heavier of the oxidized crusts exhibit 
thin successive layers with smooth mammillated surfaces like 
the surface of limonite. They consist of a mixture of hydrous . 
sesquioxide of iron and magnetic oxide. They affect the mag- 
netic needle and exhibit feeble polarity as some fragments of 
the bright iron also do, but this may be in consequence of the 
invisible presence of a scale of the magnetic oxide. The 
exudation of moisture appears to be greatest from small seams, 
which on cutting into the iron are found to extend for half an 
inch or more below the surface and are filled up with dark and 
hard magnetic oxide. Freshly cut surfaces of the iron, when 
laid upon a sheet of white paper, soon cause rusty spots, and 
moisture accumulates upon the surface, particularly in damp 
weather. We have perhaps in this constant exfoliation of the 
mass an explanation of its peculiar symmetrical form. It may 
be regarded as the kernel or residuary nodule of a much larger 
and probably a much more irregularly shaped mass, the gradual 
exfoliation having thrown off the irregular projections leaving, 
finally, the symmetrical core. 

For the examination of the internal structure and chemical 
composition a slice a few ounces in weight was cut from one 
end. The iron is readily cut by a saw with oil and it works 
well under a file, giving a uniform dense surface without any 
signs of inclusions or of crystalline structure. If a fragment 
is sawn partly across and is then sfruck a strong sharp blow a 
fracture is obtained and exhibits a fine granular surface like 
some fine grades of cast steel, but no crystalline facets are vis- 
ible. It is perfectly malleable. Thin, fin-shaped projections 
may be bent back and forth repeatedly without cracking. 
fragment heated to redness and quenched in cold water is not 
perceptibly hardened, and may be, as before, spread into thin 
sheets under the hammer. Its malleability is not impaired. 
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The metal takes a high mirror-like polish. The only imper- 
fections seen are the occasional seams of magnetic oxide which 
probably will not be found in portions taken from the interior 
of the mass. The polished surface treated with nitric acid 
fails to show any structural markings, and the etching of a 
cuboidal mass with polished plane surfaces at various angles 
gives a like negative result. The iron dissolves equally on all 
sides leaving a delicate velvety or frosted surface indicating a 
very even and fine granular structure. In polishing, the use of 
a burnisher must be avoided for the lines of unequal condensa- 
tion will appear in the etched surface. The dull soft surface 
left by etching has a silvery gray color and yields quickly to 
the burnisher and becomes mirror-like. The specific gravity of 
the iron at 60° F. taken upon a cuboidal mass dressed with a 
file to remove all scaie was found to be 7°858, but subsequent 
solution showed that there was a very small amount of included 
scale. 

A qualitative examination showed the presence of iron, nickel 
and chlorine. A special examination for phosphorus was not 
undertaken. No satisfactory reaction for cobalt could be ob- 
tained. Hydrogen is probably occluded, but no test for it was 
made. A more complete chemical examination is intended 
upon a portion taken from the midst of the mass. A quantita- 
tive determination of the iron and the nickel by the method 
recommended by Baumhauer gave me in per cents: 


The solution of the iron in pure cold nitric acid developed 
some hidden peculiarities. A gray heavy metallic powder is 
thrown off as the solution progresses and accumulates at the 
bottom of the beaker. This powder when separated by decan- 
tation and washing is found to be in distinct grains and resem- 
bles finely divided metallic nickel, which is its dominating 
constituent. It remains apparently unacted on by the nitric 
acid, while the solution of the parent source is progressing 
rapidly. Exposed to the air, even while moist, it does not ap- 
pear to oxidize. It is very ‘malleable, and when pressed in a 
smooth agate mortar with the polished end of the pestle it flattens 
and covers the surface as if with a sheet of silver. It dissolves 
quickly in hot nitric acid, and gives a green solution and the 
reactions for nickel and for iron also. The quantity varies 
with the temperature and strength of the nitric acid used. In 
one trial about five per cent. was obtained. In another the 
grains were in the form of spiculz, the length being greater 


99°376 
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than the breadth. In composition it is an alloy or mixture of 
nickel and iron with the nickel in larger quantity relatively to 
the iron than in the mass. 

This deportment in acid indicates the diffusion of granules 
of a nickel alloy less soluble than the bulk of the iron. It is 
possible however that the separation of these grains may be 
the result of mechanical action attending rapid solution, and 
the evolution of gas disintegrating the iron, producing small 
grains, from the surface of which the iron is dissolved faster 
than the nickel. Hither view of the origin of the granules sus- 
tains the conclusion that this meteoric iron has a granular 
structure, which is but another phase of the still unexplained 
phenomena of the aggregation, or structure, of meteoric irons, 
whether they are distinctly crystalline or are made up of layers 
differing in composition. The granular condition is more like 
that of electrolytic iron than the crystalline or banded forms 
and it may be regarded as lending additional support to the 
theory of electrical deposition. 

Compared with some other meteoric irons with oxidized sur- 
faces it is found to resemble the iron from Dalton, Whitfield 
County, Georgia, now in the collection of Professor Shepard. 
This meteorite has a brown and scaly coating but the iron has 
traces of geometrical structure. Itis stated that when this Dal- 
ton meteorite was found, one mass of iron was sent off to Cleve- 
land, Tennessee, and has since been lost sight of. Another 
meteorite from Green County, Tennessee, is described as hav- 
ing an oval flattened form with a coating of specular iron pene- 
trating for half an inch or more the mass of iron. Specific 
gravity 743. No crystalline structure and no nickel was 
found, but three per cent of carbon, chromium, and tin.* Ex- 
cept in composition and gravity this iron compares closely with 
the subject of this paper. 

According to Prof. Shepard, a meteorite from Green Co., 
Tenn., contains 14°7 per cent of nickel.t The Tazewell County, 
Tennessee, meteorite, in which the late Prof. J. Lawrence Smith 
found solid protochlorid of iron was oxidized in some places 
one quarter of an inch deep. It exhibits crystalline structure 
and contains 15 per cent of nickel. Gr. 7°88. 

The iron of Campbell Co., Tennessee, also attracts moisture 
and exhibits regular crystalline figures. According to Willett$ 
an iron from Putnam Co., Georgia, was covered with a brown 
scaly crust, and freshly cut surfaces soon became moist with 
drops of a liquid supposed to be chlorid of iron. Structure be- 
came visible by etching. 


* This Journal, xvii, 329. Ibid, vol. xvii, p. 327. 
t Ibid, xvii, p. 137. Ibid, xvii, 331. 
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Being unable at present to give further attention to the in- 
vestigation of the internal structure and peculiarities of this 
meteorite, it has been transferred to Mr. Geo. F. Kunz, who 
will probably have it cut up for investigation and distribution. 


Mill Rock, New Haven, Oct. 1, 1885. 


Art. VI.—Tendril Movements in Cucurbita maxima and C. Pepo ; 
by D. P. PENHALLOW. With Plate V. 


In the summer of 1874, certain experiments were made with 
reference to the mechanical energy with which the organization 
of tissues is effected, as illustrated in the lifting power of the 
mammoth squash.* During the same and following years, as 
suggested not only by these experiments, but more particularly 
by Darwin’s paper on Climbing Plants in the Journal of the 
Linnean Society for 1865, I undertook to study the movements 
of the squash tendrils and terminal bud, and trace the relation 
of these phenomena to meteorological and other conditions of 
growth, in order to determine if possible, a rational solution of 
a question at that time not at all well understood, except in its 
more externa! aspects, as studied by Sachs, De Vries and Dar- 
win. At that time it was recognized that plants possess no 
nervous system, yet phenomena were continually observed 
which were wholly inexplicable upon any other ground than 
that the plant must possess something akin to nerves. At 
that time also, it was regarded as fully demonstrated that each 
protoplasmic mass of a cell is a unit within itself, its limita- 
tions being determined by the surrounding cell wall. 

The observations which I then made upon tendril movement 
have never been published, though the results were fully 
worked out five years since. Publication was withheld in the 
hopes that at no distant day, the correct solution of certain 
phenomena, which could not then be satisfactorily accounted 
for, might be reached. 

The very important discoveries of the past few years, touch- 
ing the continuity of protoplasm, served to give a clue which has 
been followed up during the past summer with the results 
that the true explanation of the tendril movement in Cucurbita 
and possibly also in the whole family Cucurbitacee, appears 
to have been reached from histological research, and we now 
feel justified in presenting the facts obtained, more especially 
as they will doubtless tend to enlarge an already rapidly 
widening field for observation. 

* Phenomena of Plant Life: Clark. 
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Darwin has shown in his several works, in a very careful and 
painstaking manner, how the movements of plants are produced 
or modified in certain organs by various mechanical influences, 
as well as by natural conditions to which plants are ordinarily 
subjected. He has also shown us what direction these move- 
ments take and the figures they describe, and to his first paper 
on Climbing Plants, in the Journal of the Linnean Society for 
1865, was due the suggestion that, if these movements are but 
normal manifestations of growth, dependent upon the perfect 
maintenance of the. vital condition of the plant, they must 
necessarily be affected by whatever operates in any manner— 
whether to augment or diminish—the physiological changes 
in, and conditions of the plant as a whole; and, therefore, that 
they must afford a ready means of determining the effect of 
varying meteorological conditions upon growth, and those 
which are best adapted to its promotion. It was, therefore, 
with this idea in mind, that the experiments here recorded 
were undertaken. It was recognized as of prime importance 
that, to secure results which should be of the greatest value, the 
plants must be grown in the open air and under the varying 
conditions to which they would be naturally subjected. It was 
also thought desirable to select a plant of vigorous growth, in 
which movements were sufficiently pronounced and rapid to per- 
mit of frequent and accurate observation. ‘he mammoth squash 
(Cucurbita maxima) was found to answer the requirements bet- 
ter than any other plant obtainable. With this, all the original 
experiments were obtained, but during the past summer, C. 
pepo was used for the purpose of confirmation and to gain in- 
formation upon one or two additional points of minor impor- 
tance. This was possible, since the structure of the tendrils 
and also their movements are the same in each case, so that 
our remarks may apply equally well to both species, and 
doubtless to a very large extent, to the entire family. 

Seeds of the mammoth squash were planted in a carefully 
prepared lot, sufficiently removed from trees and buildings to 
prevent the plant being subject to any but the normal condi- 
tions of light, air, temperature and moisture. As soon as 
the vines were long enough, they were carefully trained 
from west to east, their branches being allowed to-run in what- 
ever direction they might choose. The tendrils, upon which 
observations were made, were in some cases selected as soon 
as they became straight and active, in other cases not until they 
had been moving for some hours or perhaps a day. The aim, 
however, was to record the movements for as many consecu- 
tive hours of night and day, during the entire period of growth, 
as possible. Through variation in movement of the tendrils 
and terminal bud, rate of growth in the vine and weight of the 
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squash, a knowledge of the conditions favorable and adverse to 
growth was sought. ‘T'o accomplish this satisfactorily, observa- 
tions were made through day and night for one week, at least 
once each hour, generally at much more frequent intervals, and 
every observation recorded was accompanied by record of local* 
temperature, humidity, cloud, condition of the plant, etc., ete. 

The method of recording the tendril movements was as fol- 
lows :— 

A board made two feet square, was provided with two pointed 
legs by means of which—thrusting them into the ground—it 
could be securely fixed in a vertical position. Upon the board 
there were fastened several sheets of heavy white paper, so ar- 
ranged that each could be removed in turn, without disturbing 
the position of the board, (fig. 1). The recording board thus 
prepared was then firmly fixed in a position at right angles to 
the horizontal tendril. To prevent any accidental movement 
of the latter from its proper position, a stake was driven by the 
side of the vine at the node from which the tendril arose, and 
the plant was then secured firmly to it. With the tip of the 
tendril only one-fourth of an inch from the surface of the paper, 
it was an easy matter to mark the position at any time with a 
pencil. The position was noted whenever, from the rate of 
movement and distance traveled, it was thought a change of 
direction was about to occur. In this way the observations 
were made at varying intervals, sometimes of one hour, some- 


times of only one-half a minute, and many, originally taken, 
were finally eliminated from the results whenever they fell in 
the same straight line. The time was always carefully noted, 
as also all conditions of atmosphere and of the plant which 
might have a possible bearing upon the movement. 


Tendrils. 


The tendrils of the squash are modified leaves,¢ and are 
placed alternately opposite, an arrangement well adapted to 
bring the plant between secure but elastic supports on either 
side. They are composed of four or five long and slender fila- 
ments—wholly devoid of external appendages by means of 
which they can become attached to objects—borne upon a 
stout stalk or petiole of from 6 to 10™ in length. The arnis 
are of very unequal length. In vigorous vines the longest arm, 
which is the first to develop, often exceeds 30™ in length. 
The extreme lengths of vigorously moving tendrils may gener- 


*The temperatures were taken from a thermometer hung by the side of the 
plant, two feet above the ground. 

+ The exact morphological nature of the tendril in Cucurbitacee is still a matter 
of some doubt. It is variously regarded as a modified leaf, stipule or branch. 
Evidence favorable to each of these views may be adduced. 
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ally be taken at from 8™ when they first emerge from the bud 
condition, to 35™ when activity ceases. 

At first rolled up compactly as they come from the bud, 
with the coils turned inward, the arms gradually extend to 
their full length, and, within two days, activity begins in the 
central arm while those which are lateral may yet be loosely 
coiled. After motion once commences, the order of activity is 
from the center outward, until all are involved. In this we see 
one of those curiously interesting provisions of nature for the 
accomplishment of her plans. If all the tendril arms were of 
the same length, or, more important, became equally active at 
the same time, the express purpose for which they were pro- 
vided, would fail of accomplishment in nine cases out of ten. 
As it is, their activity extends over a considerable period, and 
the first one in motion may have grasped an object, or, failing, 
have become hard and inactive, long before the last gets fairly 
in motion. It is the function of the tendril to draw the vine to 
asecure and elastic support. By the succession of activity 
here exhibited, one arm after another is enabled to grasp the © 
object of support and gradually draw the vine up to a secure 
position ; whereas, by a simultaneous activity of all, a few only 
might gain hold, or, if ail, only the last one or two would 
bear all the strain, and the vine would remain at a greater dis- 
tance from the point of support. 


Histology of the Tendril. 


In its histological aspects, the tendril of the squash vine pre- 
sents a most interesting study, and throws much light upon 
the cause of the movement; indeed, it is to evidence of this 
character that we must chiefly look for a true solution of this 
question. We shall consider this part of our discussion under 
two heads: (a.) Structure and peculiarity of component tissues 
in their mutual relations, and (6.) Continuity of protoplasm. 

(a) Transverse sections of the tendril display the form and 
general structure which is shown in fig. 8. From this it will 
be seen that within the fundamental structure there are seven 
fibro-vascular bundles, the largest of which are along the lower 
side of the section and therefore traverse the lower region of 
the tendril arm through its entire length. A more detailed 
examination discloses several important facts. Directly be- 
neath the continuous epidermis of one row of cells, there is a 
somewhat thick layer of collenchyma tissue (fig. 3a), extend- 
ing completely round the tendril with the exception of three 
regions where its continuity is fully interrupted by paren- 
chyma tissue (fig. 35). These areas of interruption are found 
to occupy the same relative positions in all squash tendrils; 


Am. Jour. Sci.—Tuirp SERIES, Vout, XXXI, No. 181.—Jan., 1886. 
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one lies in the concavity of the upper surface, while the other 
two occupy lateral positions, being situated at the extremities 
of the major axis of the section. Within these areas (fig. 3 3, 
b’, b’’), the tissue is found to be composed of rather large and 
rounded, somewhat thin-walled, parenchyma cells (fig. 5) con- 
taining protoplasm and a large amount of chlorophyll, while 
there are also inter-cellular spaces and corresponding stomata 
in the epidermis. . Externally this tissue may easily be seen 
to extend the entire length of the tendril, forming three darker 
green bands alternating with the more whitish green bands 
of collenchyma tissue. The color distinction between them 
is most obvious, both externally and in transverse section. 
From the very prominent part which this tissue takes in the 
ordinary circummutations of the tendril and the frequency 
with which pointed reference must be made to it, we have 
deemed a descriptive term essential. We have therefore 
given it the name of vwibrogen, or as signifying that the. 
origin of the movement is to be found there. Immediately 
within the collenchyma layer is a zone of rather large and 
rounded parenchyma cells (c, fig. 8) consisting of three or four 
rows, the innermost cells being smaller. This tissue connects 
the three vibrogen bands through their inner portions. The 
cells are filled with protoplasm, chlorophyll and other granular 
matter, though the chlorophyll is conspicuously less than in 
the three bands of vibrogen which it unites with. It is 
this layer of cells, however, which imparts the green color to 
the tendril as a whole, modified as it is by the external layer of 
collenchyma. Directly interior to this zone is a narrow belt, 
within which the fundamental tissue becomes meristomatic at 
a very early period, and ultimately—usually very early in the 
growth of the tendril—gives rise to numerous rather smal] and 
thin-walled wood cells (fig. 3 d, d’, d’’). In the earlier periods 
of growth, this wood tissue will be found forming a crescent 
along the lower side of the transverse section, as at d, but later, 
toward the left of the tendril, it arises opposite the two masses 
of collenchyma tissue near the upper side d’, d”, its interrup- 
tion or want of continuity coinciding exactly with the want of 
continuity in the collenchyma, or with the position of the 
vibrogen tissues. Ultimately, however, these breaks may 
close up, and the woody zone then becomes more or less con- 
tinuous around the entire tendril. So long as the tendril arm 
remains active, these wood cells are thin-walled (fig. 4 A), but 
as age advances and activity diminishes, the wood cells are 
found to become thicker and more resisting and finally assume 
the appearance of all highly lignified celis (fig. 4 B), thus ulti- 
mately defining the hard and woody nature so characteristic 
of these tendrils after they have been for some time coiled 
about a support. 
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Interior to the wood zone is the remaining portion of the 
fundamental tissue. In the outer portion of this, the vascular 
bundles already referred to arise, while the inner portion re- 
mains as a pith region and often shrinks away from the center, 
developing a lysigenetic air cavity, thus leaving the basal por- 
tion of the tendril arm like the petiole from which it arises, 
hollow. 

That these various tissues bear an important relation to the 
movement of the tendril and its power to grasp an object or 
coil up without contact, is most certain, and what these rela- 
tions are will be scen after we have considered the motions 
themselves. 

We should also remark, in passing; that this structure is not 
peculiar to the tendril arm, since in all its essential features, 
i. e., collenchyma, vibrogen and woody tissue, the same struct- 
ure is to be observed in the petioles of both tendrils and normal 
leaves, with this difference, however, that in these latter, the 
vibrogen is found in more than three bands, and these are 
arranged at tolerably regular intervals about the circumference 
of the petiole. 

(6.) The recent developments concerning the continuity of 
protoplasm in vegetable tissues, at once served as a suggestion 
that in active tendrils this continuity should be found, if any- 
where, and that it must doubtless furnish an important clue 
to the proper explanation of many phenomena connected with 
movement of the tendril itself. 

Thin transverse sections of the tendril were treated upon a 
glass slide while yet quite fresh, with concentrated sulphuric 
acid for a period of two or three seconds, at the end of which 
time they were quickly immersed in water and thoroughly 
washed to remove all acid. Care must be taken not to allow 
the action of the acid to proceed too far, or both structure and 
protoplasm will be destroyed. If successful, the cell walls 
should be strongly swollen, but not broken. 

After washing in water, the sections were stained in picric 
aniline blue,* being allowed to lie in the stain for ten min- 
utes. At the end of this time they were thoroughly washed to 
remove all the picric acid, as is indicated by the failure to dis- 
charge any more yellow, and a change of color in the sections 
to a well-defined blue. The results are best when the alcohol 
washing succeeds in removing all the picric aniline from the 
cell walls, but leaves a maximum of aniline blue in the proto- 
plasm. At the end of this treatment the sections were mounted 
in 25 per cent glycerine for examination. 

* This is essentially the stain recommended by Gardiner (Phil. Trans., 1883, 


p. 817), and was prepared by saturating .a 50 per cent solution of alcohol with 
picric acid. To this add BB blue until a dark greenish blue solution is produced. 
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For permanent preservation, the sections may be mounted 
directly in glycerine jelly, or they may be washed out in 
water, cleared up for a few seconds in concentrated carbolic 
acid* and then mounted in chloroform balsam. Either method 
gives very satisfactory preparations, though the former is pre- 
ferable. 

The results obtained by this process are most satisfactory, 
particularly in the collenchyma tissue (fig. 6). ‘I'here the walls 
become strongly swollen, and the protoplasmic connections are 
sharply defined as blue threads running through the colorless 
walls (fig. 7). Salt solution does not give so satisfactory re- 
sults, through its failure to properly swell the cell wall, which 
is essential, while on the other hand, the cellulose reaction 
developed in the collenchyma under the action of chlor-iodide 
of zinc, renders this process of little value in this particular 
case, as there is then too little distinction between the blue fila- 
ments and the blue cellulose of the cell wall. 

It is thus clearly demonstrated that there is a distinct con- 
tinuity of protoplasm through the living tissues of the tendril, 
particularly in the collenchyma (fig. 7), and this must have 
an important bearing upon the transmission of impulses, e. g., 
those produced by irritation, from one portion to another. 

Externally, the form of the tendril arm is that of-a long fila- 
ment, well-rounded on the lower side, but flattened and even 
slightly channeled above. The extremity, for a distance of half 
or three-quarters of an inch, takes a more perfectly rounded 
form and turns slightly downward, the concave side of the 
curve being that which is always the more sensitive. The lower 
surface, which is almost entirely free from epidermal hairs, is 
always the most sensitive to contact, curvature being readily 
produced by contact of the finger with it, though the same 
effect is not produced upon irritating the upper side. A curve 
in one direction as the result of irritation, is removed only 
after the lapse of some little time, when, by continued growth, 
the opposite sides become equal in length. The lower side is 
the one which, in the majority of cases, first comes in contact 
with an object of support, and in any case, it is finally the side 
toward which the bending most strongly tends. 

In one case, a tendril irritated on the lower side by the finger, 
coiled upon itself completely in one minute. The cause of irri- 
tation removed, the tendril straightens out again, provided it is 
not already too far advanced in age, or the irritation is not too 
long continued. Slight pressure such as would be caused by 
small loops of thread, also often exert a definite influence. 

* Phenol used in this way gives most satisfactory results as a clearing reagent, 


and for a long time has with us, replaced turpentine entirely. Jour. Royal Mic. 
Soc., vol. iii, pp. 693 and 858. 
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Irritation on the upper side, near the tip, produces a curvature 
through the central region of the arm, with the concavity 
uppermost, showing in this, a distinct transmission of the im- 
pulse to somewhat remote parts. A sharp blow on the upper 
surface, as with a pencil, throws the arm into a series of long 
undulations. Whenever the irritation is quite local, the result- 
ing flexure is abrupt, but the curve becomes longer in propor- 
tion as the irritating body is moved over a greater length, thus 
showing that the impulses of this character are not readily 
transmitted. 

During the entire movement of the tendril, distinct torsions 
are developed, as may readily be seen by following one of the 
lines of vibrogen tissue. Oftentimes the torsion is developed 
to such a degree as to turn the tip fully one-half revolution, 
thus making it apparently bend upward instead of down- 
ward. This fact is one which has all the more significance 
from the statement of Sachs* that in Cucurbitacee “ no torsion 
takes place.” Repeated observations, however, have fully con-, 
firmed its correctness. That this torsion bears an important 
relation to the circumnutation cannot be doubted, and what its 
connection is, will be seen later. 

When in its cireumnutating, the tendril arm comes in con- 
tact with an object, it immediately twines about it and grasps 
it firmly, the basal portion at length forming a double, reversed 
spiral, which draws more and more closely, and thus secures 
the plant more firmly to its support. It then rapidly becomes 
more and more hard and woody. Frequently the tendrils coil 
about themselves or other tendrils, or catching upon the edge of 
a leaf, they bend it under into close rolls, which increase in size 
as the coiling of the tendril progresses. Failing to secure an 
object of support, the tendril at length coils up in an irregular, 
knotted spiral, drops downward and either decays or gradually 
dries up and becomes hard and woody. 

The woody character, which the tendrils assume in the end, 
is by no means to be regarded as the result of contact or other 
mechanical influence, but it isa natural change which neces- 
sarily follows from the structural elements of the tendril, as 
will be seen later; therefore, this serves to supplement, and give 
additional force to, other changes relating more especially to 
the former. 

The figure described by the nutating tip is approximately 
ellipsoidal, the major axis being horizontal, (fig. 2). This axis 
not infrequently reaches a length of 24 to 27™; that of the 
minor axis being from 18 to 22™. In Echinocystis lobata, 
the diameter of the figure, according to Darwin, is even larger 
than this, measuring from 88 to 41™+ While the tendril 


* Text Book, p. 866. + Climbing Plants, pp. 128-129. 
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describes a figure, the vertical plane of which is parallel with 
the axis of the plant, the space through which the tip moves is 
greatly augmented by a supplementary movement in the grow- 
ing end of the vine, on which the tendril is found. This sec- 
ondary movement causes the tendril tip to describe a donble 
movement which increases the possibility of contact with sur- 
rounding objects.* It is of short duration, however, since the 
movement of the vine is confined to the few internodes at the 
end, and at any one node, continues for about two days only, 
after the tendrils are in motion; so that by the time the first arm 
of the latter has grasped a support, the movement of the vine 
at that particular node may have ceased entirely. So long as 
there is no contact with a suitable support, which must be of a 
size easily grasped by the coils, the tendril continues to revolve 
until a gradual increase of woody tissue arrests its activity. 
Toward the close of its movements, the tendril often falls to 
the ground and remains there for some time, or commences to 
coil upon itself, only to straighten out once more and resume 
its nutations. This may happen several times at decreasing 
intervals as the tendril grows older, until finally, the whole 
arm coils upon itself in a simple spiral with the coils turning 
outward, becomes hard and woody and its functions then cease 
entirely.t 

When brought in contact with an object near the tip, the 
latter, at once affected by the irritation, coils about the support 
with a firm grasp. The effect of irritation does not imme- 
diately extend along the remainder of the tendril, as is shown 
by the fact that when the tip is brought into contact, the basal 
portion of the tendril continues its movement and passes by as 
a curve, the sensitive surface, thereby becoming convex instead 
of concave, as would occur if it felt the influence of contact. 
After a time, however, the effect of contact extends to all the 
cells of the basal portion, which then draws itself into a closer 
and closer spiral. When a tendril comes in contact with an 
object, it does not immediately lose its power of nutation, but 
retains it for a very considerable period, and this is largely de- 
pendent upon and influenced by the’age of the organ, retention 
being longer in the young and vigorous than in the more aged. 
It becomes apparent, therefore, that when the tip is arrested, 

* The fact that there is this double motion as a resultant of tendril vine action, 
shows that the crue figure is to be obtained only when the tendril revolves about 
the inner surface of a glass globe and the changes of direction are recorded from 
the outside. This, however, was not practicable in our case, nor was it essential 
to the accuracy of the conclusions to be obtained, as will be seen later. For our 
purpose, the plane recording surface was amply sufficient. 

+ My observations upon this point confirm those of Darwin with regard to other 


members of Cucurbitacee, that when a spiral is developed freely, it is always 
simple; that it only reverses when the tip is attached to a support. 
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the bands of growth still continue to act in the basal portion, 
and still tend to bow the tendril alternately in all directions. 
Their power to do so is necessarily modified by fixation of the 
tip, and the natural result would be for the base to pass by the 
support as a curve, with the sensitive side outermost, and then 
develop torsion. These changes we find to occur from the be- 
ginning. If the coiling were primarily due to irritation, then 
we should expect to find the coil first developed as the result 
of simple contraction on one side, and this would not immedi- 
ately give rise to torsion. The spiral formed in one direction 
after a time reverses itself as a natural result of excessive 
torsion in one direction, as Darwin has already proved,* and 
there is thus completed a double spiral spring, which draws 
more and more closely, becomes hard and woody after a time, 
and holds the plant to a strong but elastic support. How use- 
ful this arrangement is, may be readily seen during a strong 
wind when, under its influence, the plant is forced this way 
and that, in danger of being torn and broken. The springs. 
then yield just enough to relieve the strain and avoid the possi- 
bility of danger. It was frequently noticed that, while corn 
and other plants offering much resistance to strong winds, were _ 
torn badly, the squash always came out whole. 

During its active period, the tendril arm elongates rapidly, 
and the cessation of movement and of growth in length are 
simultaneous. From.a series of measurements made, the fol- 
lowing data were obtained. An arm just uncoiled from the bud 
measured 12™ in length. One day later it had increased to 
14:8, and on the following day to 18°3™, thus giving a total 
increase in length of 63, or one-half its original length. 
August 8th, five tendrils but a short time in action, were care- 
fully measured and marked. The Monday following, 10th, all 
except one were found to have coiled about themselves or other 
objects. The coils were drawn out as fully as possible and 
measurements taken, but even then, the full length could not be 
obtained. The measurements were as follows: 


No. 1, No. 2. No. 3. . 4, No. 5. 
August 8th, em 12°4 17°7 
August 10th, ‘ 33°0+ 
15°5 
10 


16°5 


Thus we find the extreme range in elongation to be-from 
one-half of to the same length as the tendril when it first 


* Climbing Plants, p. 163. 


Total gain, .......... 12% 76 11 | 
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emerges from the bud condition, and the mean ratio of increase 
(to original length) would be as 1: 1°14, showing that the ten- 
dril practically doubles its length during the period of cireum- 
nutation. This, taken in connection with previous facts, has a 
striking significance. 

The movement of the arm is not the only motion to be ob- 
served in the tendril asa whole. It does not require a very 
critical inspection to show that the same torsion which is de- 
veloped in the arm, is also produced as conspicuously in the 
petiole from which it springs, and, as Miss G. E. Cooley* has 
demonstrated, the torsion is associated with a well-defined cir- 
cumnutation of the petiole, independently of the movements of 
its arms.t By inserting a fine glass filament, with a blackened 
bead at its end, into the extremity of the petiole between the 
arms, she clearly showed that the resulting figure corresponds 
closely with that of an arm, when the two were in the same 
line of extension, but differed when the tendril arm turned off 
at right angles to its petiole. 

From structural considerations, we felt also justified in con- 
cluding that the leaf tip must perform a circumnutation similar 
to that of the tendril itself. This Miss Cooley also demon- 
strated to be a fact. By placing a board, similar to that used for 
taking the motion of the tendrils, against a leaf having a diam- 
eter of 12™ and a petiole 22™ long, a figure of twenty-six 
changes of direction was obtained within the space of three 
hours. The movement was found to be much slower and the 
figure much smaller than in the case of the tendrils. This, how- 
ever, would appear to be the case from theoretical considera- 
tions alone, when we compare the structural features of the 
two and also take into account the great difference in diameter. 
The figure described by the nutating tip of the leaf was quite 
regularly ellipsoidal, though the curve was retraced before 
the ellipse was fully. completed, thus showing another point 
of similarity to the movement of the tendril. The figure ob- 
tained was 8™ long by 55™ wide, and the movement of 
the leaf appeared to be through the two ends and one side 
of the ellipse. Whether this would hold true in all cases or 
not, could only be determined from a greater number of obser- 
vations. The important fact is demonstrated, however, that 
the leaves have a definite cireumnutation, and that this depends 
upon the same causes which determine the movement of other 
organs in the same plant. 

While experimenting with the tendrils, it was also deemed 
advisable to determine the movements of the growing extrem- 

* Assistant Professor of Botany, Wellesly College. The facts collected by her 


were obtained during a course of Physiological Botany under my direction. 
+ This is in harmony with the observations of Sachs. Text-book, p. 870. 
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ity of the vine itself, since it was noticed that, usually directed 
upward, the tip described a movement which had a marked 
vertical and somewhat conspicuous lateral range. The method 
of securing the record was the same as for the tendrils, though 
owing to the constant advance of the terminal bud, the record 
paper was placed about six inches in advance, and the point of 
contact was then obtained by means of a rightangled triangle. 
[To be continued.] 
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I. CHEMISTRY AND PHysICcs. 


1. On a new Magnesium Carbonate.—By the action of heat 
upon the double carbonate of magnesium and potassium, MgCO, . 
HKCO, . (H,O),, Eneet has produced a magnesium carbonate 
having exceptional properties. The heat should be raised gradu-_ 
ally so as not to exceed 200°. The mass does not melt, but loses 
water and carbon dioxide; the crystals retain their form and are 
still transparent. But on adding water the potassium carbonate 
dissolves, leaving the magnesium carbonate anhydrous and nearly 
pure. This carbonate is distinguished chiefly by the facility with 
which it is transformed into hydrate. Mixed with water it 
evolves heat and in the course of two hours forms the hydrate 
containing five molecules of water, if the temperature is below 
16° and three molecules if above 16°. It even attracts moisture 
from the air. Mixed with water to a magma, it solidifies so that 
the vessel may be inverted without its falling. It is much more 
soluble in water than the hydrated carbonates, the solution after 
a while depositing the hydrate in crystals, and the alkalinity of 
the liquid diminishing. The hydrates which it forms, however, 
lose easily their carbon dioxide under the influence of water and 
heat, like the ordinary hydrates.— C. ci, 814, Oct., 1885. 

G. F. B. 

2. On chlorine monoxide. — GaRzaROLii-THURNLACKH and 
ScHACHERL have subjected chlorine monoxide to a more thorough 
investigation than appears to have been before attempted. The 
gas was prepared by passing a current of well dried chlorine over 
precipitated mercuric oxide, previously heated to 250° for several 
hours. The oxide was contained in a glass tube 1°2 meters long 
and 1°5 em. in diameter, drawn out to a narrow delivery tube at 
one end and at the other closed by a paraffined rubber stopper, 
through which passed the tube for the entrance of the chlorine. 
The tube was placed in a tin trough surrounded with ice. Witha 
moderately rapid current of chlorine, there was collected in the 
receiver (immersed in a freezing mix<ure of calcium chloride and 
ice) 15 to 20 ¢. e. liquid chlorine monoxide in three hours. The 
liquid was dark brown in color; its vapor yellowish-brown, its 
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solution in water a gold yellow. The gas was analyzed by de- 
composing a known volume by the electric spark and noting the 
increase of volume as well the quantity of chlorine and of oxygen 
set free. To lessen the force of the explosion, the gas was mixed 
with dry carbon dioxide. If the gas be pure and have the form- 
ula Cl,O, the chlorine set free should occupy the same volume as 
the monoxide and the oxygen half this volume. In one experi- 
ment 37°10 c, c, expanded to 55°33 ¢.c.; or 2 volumes to 2°982, 
The ratio of the chlorine to the oxygen was 37°12 to 18°54, or 2: 
0°999; and that of the oxygen to the expansion 18°54: 18°23, or 
1:6°984; thus confirming the formula Cl,O. Passed over calcium 
chloride, chlorine was evolved and calcium hypochlorite produced. 
The density of the monoxide was found to be in two determina- 
tions 3°0258 at 22°30° and 3:0072 at 10°6°; or 43°69 and 43°42, 
referred to hydrogen, theory requiring 43°35. Its boiling point 
under a pressure of 737°9 mm. was found to be 50° to 5°1°.— Liebig’s 
Annalen, ecxxx, 278, Oct., 1885. G. F. B. 
3. On Lupanine, the alkaloid of Lupine.-—HaGeEn has discov- 
ered in the seeds of Lupinus angustifolius a new liquid alkaloid 
which he calls lupanine, which has the composition C,,H,,N,O. 
It is a monacid tertiary base.—Liebig’s Annalen, ccxxx, 367, 
Oct., 1885. G. F. B. 
4. On the Relation between Molecular Structure and Light- 
absorption.—In 1882, HartLey explained the absorption bands 
of the spectra of various carbon compounds as due, the general 
absorption bands to the fundamental vibrations of the molecule, 
the selective absorption bands to vibrations within the molecule. 
Since only those rays which are synchronous with the vibrations of 
a molecule are absorbed by it, the connection between these mole- 
cule-vibrations and the oscillation-frequencies of the absorbed 
rays is obvious. Since, however, it is not possible to associate 
any of the absorption bands of the aromatic hydrocarbons with 
any particular carbon atoms within the molecule; and since the 
vibrations of the molecule as a whole determine the rate of the 
vibrations which take place within it, it follows that the evidence 
thus given of the constitution of matter is inconsistent with the 
present hypothesis of the individual existence of the atoms within 
the molecule. In the present paper, the results of the examina- 
tion of the ultra violet absorption-spectra, obtained by photog- 
raphy, are given for certain aromatic hydrocarbons, tertiary bases 
and their salts, their addition products, primary and secondary 
aromatic bases and the three isoxylenes. The molecular weight 
of the substance in milligrams was dissolved in 20 c.c. of absolute 
alcohol or other suitable menstruum, so that a unit of volume of 
the liquid always contained the same number of molecules. The 
solutions so prepared were placed in cells varying in thickness 
from 25™™ to 1™™; and if in the latter, absorption bands were 
still visible the liquid was diluted five times and another series of 
photographs taken in cells from 5™™ in width downward. In the 
case of the bases, the spark-rays passed first through their solu- 
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tion and then through the acid, placed behind it. The two 
liquids were then mixed, returned to the same cells and another 
photograph taken. The difference in the mode of vibration of 
the base, the acid and the salt is very striking, the amplitude of 
the vibrations within the molecule of the salt being much legs 
than in that of the base. Using then the oscillation-frequencies 
(i. e., the reciprocals of the wave lengths), of the absorbed rays 
as abscissas and the proportional thicknesses of the weakest solu- 
tion, in millimeters, as ordinates, a curve may be drawn indicat- 
ing both the general and the selective absorption. From the 
results thus obtained the author draws the following deductions : 
(1.) When the condensation of the carbon and nitrogen in the 
molecule of a benzenoid compound or tertiary base is modified by 
the addition thereto of an atom of hydrogen to each atom of car- 
bon and nitrogen, the power of selective absorption is destroyed ; 
(2.) When the condensation of the carbon atoms in quinoline is 
modified by the combination therewith of four atoms of hydro- 
gen, the intensity of the selective absorption is reduced, but is 
not destroyed ; (3.) Molecules of compounds, that is to say, com- 
posed of dissimilar atoms, vibrate as wholes or units, and the- 
fundamental vibrations give rise to secondary vibrations which 
stand in no visible relation to the chemical constituents of the 
molecule whether these be atoms or smaller molecules. Hence 
it appears that a molecule is a distinct and individual particle 
which cannot be represented by our usual chemical formulas, 
since these only symbolize certain chemical reactions and fail to 
express any relation between physical and chemical properties.— 
J. Chem. Soc., xlvii, 685, Oct., 1885. G. F. B. 
5. On the Variation of Refractive Indices with Temperature. 
—DvFert has continued his researches on the change produced by 
temperature in the refractive index of solid and liquid bodies, and 
has now published the results obtained with water, fluorite, beryl, 
carbon-disulphide, monobrom-naphthalene, turpentine and _ alco- 
hol. The mean index of water was first determined by the usual 
method, a large prism of 90° being used and a Gambey theodolite 
reading to 5”. The value obtained, for the line D and at a tem- 
perature of 20°, was 1°33292. The index was then determined 
for thirteen other lines of the spectrum at the same temperature. 
The variation of the index was determined for the line D only. 
Two methods were employed, in each of which two series of 
experiments were made. In the first or prism method, hollow 
prisms of 90° and of 45° were used in the two series. The 
former was adjusted to minimum deviation for parallel rays and 
the deviation noted. The cold water contained in it being re- 
placed by hot, successive readings of the theodolite and ther- 
mometer gave the deviation and the corresponding temperature. 
The 45° prism received the incident light normally on one of its 
faces; otherwise it was similarly used. In the second method, 
Talbot’s bands were observed, using a transparent plate with 
parallel faces immersed in water. From the displacement of 
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these bands as the temperature changes, the derivative of the 
difference of the indices of the plate and the liquid with respect 
to the temperature may be deduced. In the first series of experi- 
ments a quartz plate, in the second a crown glass plate, was used. 
The results of the four sets of measurements are given in a table, 
the temperatures varying from 9° to 50°. With these are collated 
the values previously observed by others. These results of obser- 
vation agree well with those given by a curve of the third degree 
calculated by the method of Cauchy, the equation of which is 


dn 
— (125°46 + 41°285¢ — — 0°004602*). —_Inte- 
grating this expression, we have = n, — (125°5¢ + 20°642? 
—0°00435¢° — 0°00115¢*) by which the index may be calculated 
for any temperature. This equation gives 1°338397 as the value 
of the refractive index at 0° and 1:32896 at 50°. Plates of fluorite 
and beryl immersed in water, at temperatures varying from 17° 
to 37°, gave for the mean value of the derivative — 00000134, 
whence » = , — 0°0000134¢, in the case of fluorite; and in the 
dO 
case of beryl, a 107’ (189°4 — 10°34¢ +- 0°27352’) for the ordi- 
dE 2 

=a = 10~” (180°3 — 10°314¢ + 0°2735¢*) for the extra- 
ordinary index. The rate of variation of the indices of carbon- 
disulphide, monobrom-naphthalene, turpentine and alcohol were 


dn 


determined by means of Talbot’s bands. The first gave = 


d 
= — 0°0006320 — 0:00000870t; the second 7 = — 000045748 


nary and 


(group 1), = 0°00046404 (group 2); the third F = — 0:0005113; 


rf 
dn 
and the fourth — = — 0°0004179. In the case of the last three, 


it will be observed that the variation of the index is proportional 
to the temperature.—J. Phys., II, iv, 389, Sept., 1885. F. B. 
6. On a Spectroscopic Optometer.—The difficulty of determin- 
ing rigorously, by means of the existing optometers, the distance 
of distinct vision in abnormal eyes, has led ZenGeR to the con- 
struction of a spectroscopic optometer. Since with the ordinary 
instruments, the recognition with any precision, of the exact posi- 
tion of the tube at which the slit ceases to appear double, is well 
nigh impossible, the author first sought to determine the accuracy 
of the observation by using a lens made of Iceland spar, cut per- 
pendicularly to the optic axis. With this lens the two positions 
were observed in which the slit appeared single; corresponding 
to the ordinary and extraordinary foci respectively. From the 
data thus obtained calculation gives two values of the distance of 
distinct vision; by the amount of disagreement of which, the 
error of the method can be ascertained. In this way it was shown 
that errors of one or two centimeters even, may be committed 
in measuring the eyes of aged persons, While using this appara- 
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tus, Zenger was struck with the great increase in accuracy ob- 
tained by illuminating the slit with monochromatic light; and 
this led to the employment of a direct-vision pocket spectroscope, 
the collimating lens of which was removed and the slit replaced 
by a silvered cylindrical mirror, 16mm. in diameter. The whole 
was mounted upon a board, the mirror sliding in a groove so that 
its distance from the spectroscope could be readily adjusted. 
The edge of this groove was divided into millimeters. Standing 
with one’s back to a window and looking through the spectroscope 
at the narrow line of light reflected from the mirror, a brilliant 
spectrum is seen, the Fraunhofer lines appearing at the eye end 
of the instrument. But in order that the different lines should be 
in focus, it is necessary to adjust for each by moving the mirror 
to or from the prism, the distance of a single millimeter causing 
these lines to appear or disappear. Hence the distance of distinct 
vision, for normal eyes and for a given line may be readily deter- 
mined ; these distances showing a difference of one to one and a half 
centimeters in passing from the lines D or E to the lines F or G. 
For abnormal eyes, the finer lines may be used and the degree of 
sensitiveness for different colors determined with great sharpness, - 
agreeing to within a millimeter. In practice the method is found 
satisfactory.— C. R., ci, 1003, Nov. 1885. G. F. B. 
7. On Magnetization by the Electric Discharge.-—Many years 
ago Savary showed that when a steel needle was magnetized by 
means of an electric discharge in its vicinity, the amount of the 
effect produced was variable and the direction not uniform. 
CLAVERIE has confirmed these results and has given a satisfac- 
tory explanation of them. His experiments were made with a 
battery of 12 jars each of the capacity of 0°01 microfarad, 
charged to a potential determined by the length of spark as 
measured with a micrometer. The needles, previously hardened, 
were placed in a magnetizing spiral 300 mm. long and 13 mm. in 
diameter, made of a copper wire 0°5 mm. in diameter, the turns 
being 1° of a millimeter apart. In this spiral, the magnetic field 
produced by a unit current was practically uniform for a needle 
15 mm. long, varying only irom 971998 in the center, to 
97 X1°9975 at a distance of 5 centimeters in either direction. 
The author finds that such a needle 0°5 mm. diameter, magnetized 
in this-spiral by an electric discharge whose striking distance is 
10 mm., develops on immersion in hydrochloric acid, alternate 
polarities as the layers are successively dissolved. On examining 
the needle at intervals of ten minutes its magnetic moment, in 
arbitrary units, was found to vary as follows: +20°5, +14°5, 
+5, —6, —11, —15, —186, —16, —184, ~16, —18, —0, —6, 
—3'5, —2, +5, +7, +8, +10°5, +12, +11°5, +11, +8°5, +6°5, 
+6, +3, +2, +1, —0°5, —0°5, +0.5. The plus sign here in- 
dicates polarity according to Ampére’s law. Now, Feddersen 
has shown that the discharge of a condenser, through a circuit of 
low resistance, consists of oscillations between the armatures, 
with a gradually decreasing intensity; and that as the external 
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resistance is progressively increased by the insertion of a column 
of liquid, a point is reached where the discharge becomes con- 
tinuous. Interposing in the circuit above described a column of 
copper sulphate solution 112 mm. long and 3 mm. in diameter, 
and magnetizing a needle by a discharge of 8 mm. tension, which 
sufficed to magnetize it to its center, the author finds that now 
the direction of polarity conforms to the law of Ampére, and is 
the same at different depths. Stronger discharges, under tensions 
of 10 or 12 mm., give the same magnetic moment. Weaker ones 
magnetize the needle to a less depth. Since now the depth of 
the magnetization is a function of the quantity of electricity dis- 
charged, it is evident that two discharges in opposite directions, 
of which the second is the stronger, should leave the needle in 
the same condition as if it alone had acted. But if the second is 
so feeble as not to magnetize the needle to the center, it will pro- 
duce a shell of polarity opposite to that induced by the first dis- 
charge. So that when the needle is acted on by hydrochloric 
acid, the magnetism produced by the second discharge would be 
found in the superficial layers, while that of the first would be 
observed at a greater depth. This result experiment confirms. 
A needle magnetized by an oscillatory discharge alternating in 
direction and decreasing in intensity, the first of which magne- 
tizes it to the axis, will be found to develop successively on 
immersion in hydrochloric acid, the different polarities due to the 
different discharges. The resulting polarity of a needle mag- 
netized in this way is of course uncertain, depending upon the 
direction and intensity of the discharge, and especially of the 
latter portions which magnetize the superficial layers.—C. R., 
ci, 947, Nov., 1885. G. F. B. 
8. Astronomical Papers prepared for the use of the American 
Ephemeris and Nautical Almanac. Vol. II, parts 3 and Velo- 
city of Light in Air and Refracting Media, Washington, 1885.— 
Professor NEwcoms obtains as the final result of his experiments 
at Washington 299,86V+-30 kilometers per second for the velocity 
of light in vacuo. Professor MicuELson’s entirely independent 
experiments at Cleveland give substantially the same result 
(299,853460). His former experiments at the Naval Academy, 
after correction of two small errors which he now reports, give 
299,910+50. All these experiments were made with the revolv- 
ing mirror, but the arrangements of the two experimenters were 
in other respects radically different. The first of these values of 
the velocity of light with Nyrén’s value of the constant of aberra- 
tion (20"°492) gives 149-60 for the distance of the sun in millions 
of kilometers. On account of the recent announcement by Messrs. 
Young and Forbes of a difference of about two per cent in the 
velocities of red and blue light, espécial attention was paid to this 
point by both experimenters, without finding the least indication 
of any difference. In Professor Newcomb’s experiments, a dif- 
ference of only one thousandth in these velocities would have pro- 
duced a well-marked iridescence on the edges of the return image 
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of the slit formed by reflection from the revolving mirror. No 
trace of such iridescence could ever be seen. Professor Michelson 
made an experiment, in which a red glass covered one-half the 
slit. The two halves of the image—the upper white, the lower 
red—were exactly in line. 

Since Maxwell’s electromagnetic theory of light makes the 
velocity of light in air equal to the ratio of the electromagnetic 
and electrostatic units of electricity, it will be interesting to com- 
pare some recent determinations of this ratio. These we give in 
the following table. Since the determinations are affected by any 
error in the standard of resistance, we have corrected the results, 
first, on the supposition that the B.A. ohm=-987 true ohms (Lord 
Rayleigh’s result), and secondly, on the supposition that the B.A. 
ohm="989 true ohms, which is essentially assuming that the legal 
ohm represents the true value. 

Ratio of Electromagnetic and Electrostatic units of Electricity in millions of meters 
and seconds, 
Date. As published. B.A. ohm="987. B.A. ohm="999. 

Ayrton & Perry,* 1878 298°0 296°1 296°4 

Hockin,+ 1879 2988 296°9 297-2 

Shida,t 1880 299°5 295°6 296°2 

Exner,§ 1882 301°1 (?) 291°7 (2) 292°3 (?) 

J. J. Thomson,|} 1883 296°3 296°9 

Klemencic, J 1884 301°88 (?) 301°88 (2) 302-48 (?) 
These numbers are to be compared with the velocity of light in 
air, in millions of meters per second, for which Professor Newcomb 
gives 299°778. Of the electrical determinations, that of J. J. 
Thomson appears by far the most worthy of confidence. That of 
Klemencic—the only one as great as the velocity of light—was 
obtained by the use of a condenser with glass,—a method which 
would presumably give too great a ratio. Exner’s value is ob- 
tained from the mean of three determinations, one of which dif- 
fered from the others by about three per cent. If we reject this 
discordant determination, the mean of the other two would give 
when corrected for resistance 2944 and 295°0. If we set aside 
the determinations of Exner and Klemencic, the remaining four, 
which represent three different methods, are very accordant, the 
mean being nearly identical with the result of J. J. Thomson, 
and about one per cent less than the velocity of light. 

Professor Michelson’s experiments on the velocity of light in 
carbon disulphide afford an interesting illustration of the differ- 
ence between the velocity of waves and the velocity of groups 
of waves—a subject which is treated at length in an appendix to 
the second volume of Lord Rayleigh’s Z’heory of Sound. If we 
write V for the velocity of waves, U for that of a group of waves, 
L for the wave-length, and T for the period of vibration, 

v=" 
iy d(L-1) 

* Phil. Mag., 5, vii, p. 277. + Report Brit. Assoc., 1879, p. 285. 

t Phil. Mag., 5, x, p. 431. § Sitzungsberichte Wien. Acad., Ixxxvi, p. 106. 

| Phil. Trans, elxxiv, p. 707.- J Sitzungsberichte Wien. Acad., Ixxxix, p. 298. 
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For purposes of numerical calculation, it will be convenient to 
transform these formule by the use of A for the wave-length ix 
vacuo, n for the index of refraction of the medium considered, 
and k for the velocity of light iz vacuo, which we shall regard as 
constant, in accordance with general usage. By substitution of 
these letters we easily obtain 
d(nd-1) 
U~ d(a-) 

The data for the calculation of these quantities for carbon disul- 
phide are given by Verdet (Annales de Chimie et de Physique, 
3, Ixix, p. 470). They give 

for the line D, &/V= 1,624, &/U= 1,722, 

for the line E, &/ V= 1,637, &/U= 1,767. 
- The quotient of the velocity iz vacuo divided by the velocity 
in carbon disulphide, according to Professor Michelson’s experi- 
ments with the light of an are lamp, is 1°76+-"02, which agrees 
very well with &/U. Another theory, which would make the 
velocity observed in such experiments V’*/U (Nuture, xxv, p. 52), 
receives no countenance from these experiments. The value of 
kU /V? would be about 1°53. Some may think that the experi- 
ments on water point in a different direction. Taking our data 
from Beer’s Hinleitung in die hihere Optik, 1853, p. 411, we get 

for D, 1,334, &/U= 1,352, kU/V’= 1,316, 
for E, &/V= 1,336, &k/U= 1,359, kU /V*= 1,318. 
The number obtained by experiment was 1,330, which agrees 
better with or even with KU /V’, than with &/U, but the 
differences are here too small to have much significance. 
J. W. G. 
9. Theoretische Optik, gegriindet auf das Bessel-Sellmeier’- 

sche Princip, zugleich mit den experimentellen Belegen. Von 
Dr. E. Kerrever, Professor an der Universitiit in Bonn. 8°, pp. 
652. Braunschweig, 1885. Viewig und Sohn.—The principle of 
Sellmeier, here referred to, relates to vibrations of ponderable par- 
ticles excited by the etherial vibrations of light, and to the reac- 
tion of the former upon the latter. The name of Bessel is added 
on account of his previous solution of a somewhat analogous prob- 
lem relating to the pendulum. The object of this work is “to 
treat theoretical optics in a complete and uniform manner on the 
new foundation of the simultaneous vibration of etherial and pon- 
derable particles, and to substitute a consistent and systematic 
new structure for the present conglomerate of more or less dis- 
connected principles.” Such a work demands a critical examina- 
tion, which should not be undertaken from any narrow point of 
view. Any faults of detail will be readily forgiven, if the author 
shall give the theory of optics the 70 o7@ which it has sought 
so long in vain. We may add that if this effort shall not be 
judged successful by the scientific world, the author will at least 
have the satisfaction of being associated in his failure with many 
of the most distinguished names in mathematical physics. 
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We have sought to test the proposed theory with respect to 
that law of optics which seems most conspicuous in its definite 
mathematical form, and in the rigor of the experimental verifica- 
tions to which it has been subjected, as well as in the magnificent 
developments to which it has given rise: the law of double refrac- 
tion due to Huyghens and Fresnel, and geometrically illustrated 
by the wave surface of the latter. We cannot find that the law 
of Fresnel is proved at allin this treatise. We find on the con- 
trary, that a law is deduced which is different from F and 
inconsistent with it. We do not refer to anything relating to the 
direction of vibration of the rays in a crystal, which is a point 
not touched by the experimental verifications to which we have 
alluded. We shall confine our comparison to those equations 
from which the direction of vibration has been eliminated, and 
which therefore represent relations subject to experimental con- 
trol. For this purpose equation (13) on page 299 is suitable. It 
reads 


Ney 2, being the indices of refraction. This the au- 
thor calls the equation of the wave-surface or surface of ray- 
velocities. It has the form of the equation of Fresnel’s wave-sur- 
face, expressed in terms of the direction-cosines and reciprocal of 
the radius vector, and if w, v, w are the direction-cosines of the 
ray, and » the velocity of light in vacuo divided by the so-called 
ray-velocity in the crystal, the equation will express Fresnel’s law. 
But it is impossible to give these meanings to wu, v, wand a. 
They are introduced into the discussion in the expression for the 
vibrations (p. 295), viz: 


p= tx + vy + w2) 


T A 


The form of this equation shows that ~, ¥, w are proportional 
to the direction-cosines of the wave-normal, and asthe relation 
u+v°+w°=1 is afterwards used, they must be the direction- 
cosines of the wave-normal. They cannot possibly denote the direc- 
tion-cosines of the ray, except in the particular case in which the 
ray and wave-normal coincide. Again, from the form of this 
equation, A/n must be the wave-length in the crystal, and if A here 
as elsewhere in the book (see p. 25) denotes the wave-length én 
vacuo of light of the period considered, which we doubt not is the 
intention of the author, x must be the wave-length in vacuo di- 

vided by the wave- length i in the crystal, i. e., the velocity of light 
in vacuo divided by the wave-velocity in the’ crystal. With these 
definitions of uw, v, w, and n, equation (13) expresses a law 
which is different from Fresnel’s. Applied to the simple case of 
a uniaxial crystal, it makes the relation between the wave-veloci- 
ty of the extraordinary ray and the angle of the wave-normal 
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with the principal axis the same as that of the radius vector and 
the angle in an ellipse. The law of Huyghens and Fresnel makes 
the reciprocal of the wave-velocity stand in this relation. 

The law which our author has deduced has come up again and 
again in the history of theoretical optics. Professor Stokes (Re- 

ort of the British Assoc., 1862, Part I, p. 269) and Lord Ray- 
leigh (Phil. Mag., IV, xli, p. 525) have both raised the question, 
whether Huyghens and Fresnel might not have been wrong, and 
it might not be the wave-velocity and not its reciprocal which is 
represented by the radius vector in an ellipse. The difference is 
not very great, for if we lay off on the radii vectores of an ellipse 
distances inversely proportional to their lengths, the resultant 
figure will have an oval form approaching that of an ellipse 
when the eccentricity of the original ellipse is small. Rankine 
appears to have thought that the difference might be neglected 
(see Phil. Mag., IV, i, pp. 444, 445), at least he claims that his 
theory leads to Fresnel’s law, while really it would give the same 
law which our author has found. (Concerning Rankine’s “ splen- 
did failure,” and the whole history of the subject, see Sir Wm. 
Thomson’s Lectures on Molecular Dynamics at the Johns Hop- 
kins University, Chap. xx.) Professor Stokes undertook experi- 
ments to decide the question. His result, corroborated by Glaze- 
brook, (P. R. S., xx, p. 443; Phil. Trans., clxxi, p. 421,) was that 
Huyghens and Fresnel were right and that the other law was 
wrong. 

To return to our author, we have no doubt from the context 
that he regards wu, v,w, and 2 as relating to the ray and not to the 
wave-normal. We suppose that that is the meaning of his re- 
mark that the expression for the vibrations (quoted above) is to 
be referred to the direction of the ray. It seems rather hard not 
to allow a writer the privilege of defining his own terms. Yet 
the reader will admit that when the vibrations have been expressed 
in the above form an inexorable necessity fixes the significance of 
the direction determined by wu, v, w, and leaves nothing in that 
respect to the choice of the author. 

The historical sketches of the development of ideas in the theory 
of optics, enriched by very numerous references, will be useful to 
the student. An exception, however, must be made with respect 
to the statements concerning the electro-magnetic theory of light. 
We are told (p. 450) that the English theory founded by Maxwell 
and represented by Glazebrook and Fitzgerald, makes the plane of 
polarization coincide with the plane of vibration, while Lorentz, 
on the basis of Helmholtz’s equations comes to the conclusion that 
these planes are at right angles. Since all these writers make the 
electrical displacement perpendicular to the plane of polarization, 
we can only attribute this statement to some confusion between the 
electrical displacement and the magnetic force or ‘displacement’ 
at right angles to it. We are also told that Glazebrook’s ‘sur- 
face-conditions’ which determine the intensity of reflected and 
refracted light are different from those of Lorentz,—a singular 
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error in view of the fact that Mr. Glazebrook * age Cambr. Phil. 
Soc., iv, p. 166) expressly states that bis results are the same as 
those of Lorentz, Fitzgerald, and J. J. Thomson. We have spent 
much fruitless labor in trying to discover where and how the ex- 
pressions were obtained which are attributed to Glazebrook, but 
in which the notation has been altered. They ought to come 
from Glazebrook’s equations (24)—(27) (loc. cit.), but these appear 
identical with Lorentz’s equations (58)—(61) (Zeitschrift f. Math. 
u. Phys., xxii, p. 27). They might be obtained by interchanging 
the expressions for vibrations in the plane of incidence and at 
right angles to it, with two changes of sign. 

The reader must be especially cautioned concerning the state- 
ments and implications of what has not been done in the electro- 
magnetic theory. These are such as to suggest the question 
whether the author has taken the trouble to read the titles of the 
papers which have been published. We refer especially to what 
is said on pages 248, 249 concerning absorption, dispersion, and 
the magnetic rotation of the plane of polarization. 

In the Experimental Part, with which the treatise closes, we 
have a comparison of formule with the results of experiments 
by the author and others. The author has been particularly suc- 
cessful in the formula for dispersion. In the case of quartz (p. 
545), the formula (with four constants) represents the results of 
experiment in a manner entirely satisfactory through the entire 
range of wave-length from 2°14 to 0°214. Those who may not 
agree with the author’s theoretical views will nevertheless be glad 
to see the results of experiment brought together, and, so far as 
may be, represented by formule. J. W. G. 

10. The magnetic and electrical properties of the tron carburets; 
by C. Barus and V. Srrovnat. Bull. 14, U. 8. Geological Sur- 
vey, Washington, 1885.—The authors give in complete form the 
' results of about five years of research on the properties of the 
iron-carburets. Proposing to investigate the relation between 
intensity of magnetism, hardness, figure and carburation of steel, 
they find during the course of the investigation that the end in 
view must remain unattainable as long as the physics of the ope- 
ration of tempering have not been rigidly discussed. The results 
of these auxiliary experiments are contained in the first three 
chapters of the book. The general deduction is this, that if one 
and the same steel rod pass from an initial hard to a final soft state, 
any intermediate degree of hardness can be defined with extreme 
accuracy, by using as a means of discrimination either the ther- 
mo-electric power or the electrical resistance of the rod. Chap- 
ter I, therefore, treats of the relation between temperature and 
resistance in case of any given carburet and leads to chapter II, 
in which the electrical behavior of tempered steel is minutely an- 
alyzed. This chapter is fundamental. Such facts as essentially 
sustain the argument underlying the whole of the subsequent 
work, are therefore emphasized by many experimental data. The 
annealing effect of any temperature acting on glass-hard steel is 
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found to increase, gradually at a rate diminishing continuously 
through infinite time—diminishing very slowly in case of low 
temperatures (<"100°), very rapidly at first and then again slowly 
in case of high temperature (> 200°); so that the highest and 
hardest of the inferior states of hardness possible at any temper- 
ature is approached asymptotically. The observed law that 
thermo-electric power and specific resistance are linear functions of 
each other, suggests the introduction of the new variable thermo- 
electric hardness, which is used as the measure of hardness 
throughout the work. In chapter III, finally, the attempt is 
made to throw new light on the laws set forth in chapter II, by 
following them into their ulterior consequences. With the aid of 
certain allied electrical properties observed in alloys of silver and 
in malleabie cast iron, the nature of the phenomenon of hardness 
as presented by steel is discussed from every physical and chem- 
ical point of view, within the scope of the memoir. 

With these results in hand the authors commence the study of 
the subject proper of the research, the magnetic behavior of tem- 
pered steel. An introductory chapter, IV, determines the value 
and relations of the thermo-electric effect of magnetization. Chap- 
ter V then exhibits with some detail, the effect of hardness on 
the maximum of magnetization which thin cylindrical steel rods 
of different dimensions permanently retain. The method for the 
accurate definition of hardness and the scheme of operations for 
tempering developed in chapter II, are here rigidly adhered to; 
the magnetic results reached are therefore sharp and consistent. 
Chapter VI investigates the bearing of temper on the condition of 
magnetic stability of steel. Whenever great retentiveness, both 
as regards the hurtful effects of temperature and time and shocks 
is to be conveniently attained with the least sacrifice of magneti- 
zation, magnets should be treated thus: 

1. Having tempered the steel rod uniformly, expose it fora 
long time (20 to 50 hours) to the annealing effect of steam. The 
operation may be interrupted as often as desirable. The magnet 
will then exhibit the maximum of permanent hardness for 100°. 

2. Magnetize the rod and again expose it for some time (5 to 
10 hours) to the annealing effect of steam. The operation may 
be often interrupted. The magnet will then exhibit both the 
maximum of permanent magnetization as well as the maximum 
of permanent hardness for 100°. It will show exceptional reten- 
tiveness at ordinary temperature. 

Finally in chapter VII, the authors endeavour to generalize 
on the foregoing results as a whole; to re-state the principal facts 
with greater accuracy and breadth of scope than was possible in 
the earlier chapters, to deduce from all a method for the physical 
definition of iron-carburets. They find, in particular, that the dif- 
ference between the logarithms of the extreme values of thermo- 
electric hardness for the same carburation, passes through a 
pronounced maximum, defining a carbide the mechanical proper- 
ties of which are those of a type steel. 
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11. Joseph Henry and the Magnetic Telegraph: An address deliv- 
ered at Princeton College, June 16, 1885, by Epwarp N. DickEr- 
son, LL.D. 66 pp. 8vo. New York, 1885. (C. Scribner’s Sons.) — 
A just tribute to the late Professor Henry, reviewing his scientific 
labors and discoveries, and giving them their right place in the 
progress of physical science. The historian of the world’s 
science should consult it for the review of the facts which it 
presents. 

12. “The Force Function in Crystals ;” by ALFRED Ernnorn, 
Ph.D. Communicated to the Royal Society, Nov. 27, 1884. 
(Proceedings of the Royal Society, vol. xxxviii, No, 235.)—The 
first part ot the paper, which appears at present, restricts itself to 
the consideration of the Tesseral, Tetragonal and Rhombic sys- 
tems. By means of a well founded assumption in regard to the 
stress distribution in crystals of the above systems, the equilib- 
rium conditions are deduced which further involve that the 
boundary of the configuration must either be plane or spherical. 
It also appears that the statical conditions of the agency which 
causes crystallization are the same as those so well investigated 
for gravitation and electricity. 

The paper is divided into three chapters. The first chapter 
treats of the “ Foundation of the Assumption.” The assumption 
is, that the stress upon any particle can only be transmitted in 
six directions-lines, respectively at right angles in pairs to the 
three crystallographic axes—it is a consequence of the internal 
structure which is shown to be analogous to that of an ordinary 
cannon-ball pile by means of the cleavage properties, the external 
form and inertia relations of crystals. 

The second chapter, “ Derivation of the Force Function,” ap- 
plies the three general differential equilibrium equations of an 
elastic solid subject to internal forces to the stated stress distri- 
bution. In order to effect this it was necessary to deduce some 
peculiarities of the force function in a system of uniform density 
in equilibrium and subject to internal forces when referred to the 
three principal axes of inertia through the mass center. The 
character of the attracting agency here becomes evident. 

The third heading is ‘ Determination of the Boundary.” Under 
this heading the nature of the boundary is determined and is 
shown to be either plane or spherical. And by the application of 
Green’s theorem it also becomes clear that inasmuch as the stati- 
cal conditions of the crystallizing agent are now understood ; the 
force functions derived in the preceding chapter can be inde- 
pendently deduced without aid of the assumption from any one 
of the primitive forms of the systems under consideration. 0. N. R. 


II. AND MINERALOGY. 


1. The Missouri Coteau and its Moraines.—Professor J. E. 
Topp gives an account, inthe Proc. Amer. Assoc., xxxiii, 381, 1884, 
of the features and drift deposits of the Coteau and illustrates 
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the subject with a map. The eastern margin is near the coutour- 
line of 1500 feet. He mentions as one singular fact bearing on 
the Quaternary history: that the Missouri River flows for 500 
to 600 miles from north to south along the western side of the 
region of drift, while only 40 to 70 miles east, with nothing but 
clay, sand and gravel between, there is parallel to it, the small 
James River, 200 to 250 feet lower in level, and occupying the 
- bottom of a valley 25 to 60 miles wide, while that of the Missouri 
above Yankton is comparatively insignificant. He concludes that 
the depusition of the drift determined this westward confinement 
of the greater river; for evidence is afforded that the Missouri 
has recently run 300 to 400 feet above its present level. 

The Coteau is made mostly of clays of the “St. Pierre” (Cre- 
taceous) group—nearly horizontally bedded, capped with the 
“ Fox Hills” sandstone to the northward and the “ Lone River” 
sandstone to the southward. Its western side is intersected by 
channels of erosion in “ bad-land” style; its eastern once had 
such channels, but they are now occupied largely with drift 
brought from the northeastward, making a region of morainic 
hills and basins, There are two prominent lines of moraines, con- 
sisting of loops convex to the westward, determined in outline 
probably by the configuration of the surface. The outer or west- 
ern is most pronounced; it is crossed by the Pacific railroad 
diagonally a little west of Sterling about 20 miles east of Bis- 
marck, and has indications of four great lobes in the ice. The 
limit of the drift is marked on the map as following a line 10 to 
30 miles west of the Missouri. The inner or eastern moraine 
crosses the railroad a little west of Crystal Springs. 

2. Geological Survey of Pennsylvania, J. P. Lesiey, State 
Geologist.—The publication of the Grand Atlas of the Survey 
of Pennsylvania has been carried forward by the recent issue of 
. three more parts in the same thorough and beautiful style char- 
acterizing the two parts previously published. These include 
Part II of Division II, On the Anthracite Coal Fields, by Charles 
A. Ashburner, contain 22 sheets (the size, as in the others, 26 x 32 
inches) relating to portions of the Northern and Eastern Middle 
Anthracite Fields in Luzerne County; Part I of Division V, 
illustrating the geology and topography of Central and South- 
eastern Pennsylvania, and including 35 sheets, 29 of them relat- 
ing to the Paleozoic formations, five containing a map and geo- 
logical cross-sections along the east bank of the Susquehanna 
River, Lancaster Co., and one containing cross-sections of the 
Philadelphia belt. of Azoic Rocks ; and Part I of Division IV, 
illustrating the topography, by contour lines, on 43 sheets, of the 
South Mountain and Great Valley, 30 of the sheets pertaining to 
the Durham and Reading Hills and bordering valleys in North- 
ampton, Lehigh, Bucks and Berks Counties, and i3 to the South 
Mountains in Adams, Franklin, Cumberland and York Counties. 
The maps surpass in style and size those of other State publica- 
tions of the country. 
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3, Atlas von China: Orographische und Geologische Karten; 
yon FERDINAND FREIHERR VON RIcHTHOFEN ; zu des Verfasser’s 
Werk, China. Erste Abtheilung; das Nordliche China.—This 
large atlas to the second volume of Baron Richthofen’s great 
work on China contains a duplicate series of colored charts rep- 
resenting, in different colors and on a scale of 1: 750,000, the 
orographic features and geological structure of Northern China. 
Twelve regions, each about 130 by 170 geographical miles in 
area, are thus illustrated—five of them about the Yellow Sea; 
one, that of Pekin, just west; and six to the west, south, and 
southwest of Pekin. The coloring of the charts is in the best 
style of Vienna artists; 15 to 20 shades are used on the several 
charts. By the different colors are exhibited the areas of the 
immense alluvial plains of the Hoang-ho about the Yellow Sea; 
of the marine less; of the less of the interior regions; of the 
gneiss ; of other metamorphic rocks; eruptive granite; Lower 
and Upper Cambrian (Sinian); Silurian with Devoniar ; Carbon- 
iferous limestone ; Productive Carboniferous; Trias; Jurassic ; 
porphyry ; trachyte and basic eruptives. Cambrian schists have 
a wide distribution, covering over a thousand of square miles 
(geographical), and near Pekin they are strongly metamorphic. 
Silurian and Devonian beds, and also Carboniferous and Permian 
occur to the southwest of Pekin in Tsing-ling-shan and the dis- 
trict next east. The Carboniferous beds, which are the highest 
formation over much of the interior, also exist in the hilly parts 
of the districts near the Yellow Sea. The work is a large contri- 
vution to the Systematic Geology of Northern China. 

4. Swedish Geological Survey.— The Geological maps of the 
Swedish Geological Survey now issued number 96, and extend 
over about half the surface of the country. They are models of 
beautiful coloring, and careful details. The larger part are on a 
scale of 1:50,000; a few on that of 1:200,000. The price 
charged for the sheets is 1°50 kr. each. Besides these there are 
four general charts (one of these glacial) and three special. The 
publications of the survey thus far issued include also 77 memoirs 
in 8vo, and 4to, by the geologists of the survey, A. Erdmann, E. 
Erdmann, A. Bortzell, A. E. Térnebohm, O. Gumelius, D. Hum- 
mel, J. G. O. Linnarsson, H. Santesson, O. Torell, A. G. Nathorst, 
E. Svedmark, A. Blomberg, S. L. Torquist, 8. A. Tulleberg, F. 
Svenonius, 5. Lundgren, F. Eichstidt, G. DeGeer, M. Stolpe, J. 
C. Moberg. 

5. The earliest (Devonian) winged Insects of America. (8 pp. 
with one plate. Cambridge, Mass.)—Mr. 8. H. ScuppEr, in this 
paper, reviews the facts with regard to the five earliest of Ameri- 
can winged Insects, and concludes that the genus Gerephemera 
belongs to the group of Protophasmide, one, Platephemera, to 
the Ephemeride, and three, Homothetus, Lithentomum, and Xeno- 
neura, to as many distinct families of ancient Neuroptera. He 
repeats a former conclusion that in the historic developement of 
the broader group of insects, so far as we now are acquainted 
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with them, no important changes.have transpired since Paleozoic 
time ; while at the same time, our perplexity regarding the proper 
relation of Paleozoic insects to modern types is often very great. 

6. Footprints on the Triassic Sandstone (Jura-Trias) of New 
Jersey.—Mr. Joun Everman reports to the Editors (Sept. 10), 
by the gift of a fine photograph, the discovery of foot-prints, re- 
lated to Anomeepus major of Hitchcock in size and characters— 
from near Milford, Hunterdon County, New Jersey. On the 
larger slab the fore-foot is 4-toed and 6 inches long and broad ; 
the hind-foot is 3-toed and 12 inches long. On a smaller slab 
on which there is one track only, that of the fore-foot, there are 
five toes, and the length is 74 inches. The specimens are now in 
the Geological Museum of Lafayette College. 

7. Cervus Americanus Harlan, from shell-marl beneath a bog 
in Warren Co., New Jersey.—This species was founded on a few 
bones from Big-Bone Lick, Kentucky (Proc. Philad. Amer. Phil. 
Soc., 1818, 376). The Fourth Annual Report (June 1885) of the 
E. M. Museum of Geology and Archeology of Princeton, con- 
tains a plate representing a fine skeleton from the above-men- 
tioned locality now in the museum. Professor Scott institutes for 
it the new genus Cervalces. The skeleton fails only in five caudal 
vertebrz, 1 scapula, 1 humerus, 1 calcaneum, 2 ribs, 3 carpals, 
1 phalanx, and some of the sesamoids. 

8. Pteropod of the St. John Group. (From a letter by Mr. G. 
F. Matruew, dated St. John, New Brunswick, Dec. 8.)—I have 
received a letter from Mr. Ottomar Novak, of Prague, in answer 
to one giving him a description and figures of the new genus of 
Hyolithoid Pteropod of the St. John group (Cambrian), described 
in this Journal, October, 1885, page 205, under the name of Diplo- 
theca. 

He informs me that Phragmotheca of Barrande, to which I had 
compared it, may be described as “a Hyolithes having a triang- 
ular section, and on each side a great dilation of the testa;” and 
that Barrande’s figure “represents only the apical end of the 
whole sheath, the opposite end bearing the opening being un- 
known.” This being the case, the known portion of Phrag- 
motheca corresponds to the septate portion of the sheath of 
Diplotheca, and not to the whole sheath (including the lateral 
phragmated portion). It follows, as Mr. Novak has remarked, 
that there is no special relation between the two genera. 

I may add that the upper dotted line of the fig. 36, page 294, 
giving the section of Phragmotheca, is erroneous as regards the 
dotted line connecting the wings, there being ne enclosed space 
at the side of the sheath. The lateral partition and diaphragms 
of Diplotheca are therefore features which distinguish it from 
other Hyolithoid shells. 

9. Annuaire Géologique Universel et Guide du Géologique, 
by Dr. Dacrncourt, Sec. Soc. Geol. de France. 438 pp. 12mo. 
Paris, 1885.—This volume contains brief geological sketches of 
the different countries of the world, and notices or mention of 
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some recent geological publications; and, following, the names 
and addresses of the geologists and mineralogists of the world. 
It is a very convenient office companion for all workers in geelogy 
and mineralogy. The American part is evidently made up from 
Cassino’s excellent “ International Scientist’s Directory,” but with 
omissions often of initials and an occasional oversight, that may 
easily be corrected in another year’s issue of the work. 

10. Chlamydoselachus anguineus Garm., a living species of 
Cladodont Shark ; by S. Garman. Bull. Mus. Comp. Geol. 
Cambridge, vol. xii, No. 1, July, 1885.—This fine memoir of 
special geological as well as zoological interest is illustrated by 
20 plates. 

11. South Carolina: Resources and population, institutions and 
industries. Published by the State Board of Agriculture; <A. P. 
Butter, Commissioner, Charleston, 1885, (8vo, pp. viii + 
726+20 unnumbered, 1 plate, 2 folding tables, map 27x34 
inches.)—The State is divided into seven “ agricultural and phys- 
ical regions,” viz: I, the Coast region, IT, the Lower Pine belt or 
Savannah region, III, the Upper Pine belt or Central Colton belt, 
IV, the Red Hills, V, the Sand Hills, VI, the Piedmont region, 
and VII, the Alpine region; and the topography, geology, and 
agricultural capabilities of each are briefly described. The geo- 
logic matter is maiuly a compilation of well-known facts and prin- 
ciples from the publication of Tuomey, Bieber, Ruffin and others, 
but some observations and applications are apparently original. 
Thus not only is Kerr’s generalization of the southward deflection 
of the North Carolina rivers extended to South Carolina, but it 
is stated that the coastal islands are triangular, with the apex 
“directed southwest, often terminating in marshes, while the 
higher and drier base faces northeast,” and that in the coastal 
inlets the “ship channels are always found to the south of the 
harbors.” The map (10 miles: 1 inch) exhibits, by means of colors 
and black boundary lines, the fresh water swamps and salt 

marshes, the two pine belts, the Red Hill and Sand Hill regions, 
the northern limits of Pliocene, Ashley and Cooper (Eocene), 
Santee (Eocene), and Cretaceous marls, the Buhrstone (Eocene), 
formation, and the different lithologic phases of the “ Huronian,” 
“ Laurentian,” and * Igneous” rocks. It is embellished by a crude 
section from Charleston to Ridgeway. The volume contains lists 
of vertebrate animals by F. W. True, of the invertebrate fauna 
by L. O. Howard, and of the more common native and naturalized 
plants by H. W. Ravenel, together with abstracts of meteoro- 
— observations, ete. W. J. MCG. 

. Kobellite from Colorado.—Messrs. H. F. and H. A. Kerttar 
seas recently given a description of a variety of Kobellite from 
the mines of the Lilian Mining Co., in Printerboy Hill, near Lead- 
ville, Colorado. It occurs in nodules of various sizes up to sev- 
eral feet in diameter; they are usually more or less oxidized. 
The fresh mineral has a fine-grained crystalline structure, a steel- 
gray color and dark gray to black streak. Three analyses were 
made with the following results : 
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8 Bi Pb Ag Cu Gangue. 
1. 15°21 32°62 43°94 5°78 tr. 0°15=97°70 
2. 15°27 33°31 44°28 5°49 0°03 0°14=98°52 
3. 15°19 33°89 44°03 5°72 tr. 0°17=99°00 

The bismuth determinations are regarded as somewhat low, and 
in (2) and (3) there was probably also a loss of lead. The general 
formula derived 3PbS+ Bi,S, is that of Kobellite, but the variety 
is interesting in containing a considerable amount of silver, while 
the antimony is absent.—Jowrn. Amer. Chem. Soc., vol. vii, No. 7. 

13. Crystallographic Notes; by Oriver W. Huntiyetron.— 
Mr. Huntington has made a study of the beautiful crystals of 
azurite from Clifton, Arizona. They resemble the erystals from 
Chessy in habit, and agree closely in angles also, although not 
often admitting of the most exact measurement. They are quite 
highly modified although not adding to the already long list of 
known planes. The planes present were fifteen in number with 
001, 101 prominent. 

The same writer gives the results of some measurements of the 
compound quartz crystals from Albemarle County, Virginia, de- 
scribed by Prof. W. G. Brown in this Journal (Sept., 1884). He 
finds that out of a very large number of apparent twins there 
were only three cases in which the faces of two individaals fell abso- 
lutely in the same zone, and in which an assumed twinning-plane 
could be referred to probable axial ratios. The possible twin- 
ning-planes in these cases were —?,R, —3R. The con- 
clusion seems to be, therefore, that the grouping is rather acci- 
dental, as in many other cases that have been described, than 
according to a definite law.— Proceedings of the American Acad- 
emy of Arts and Sciences, June 10, 1885. 

14. Mineralogical Notes; by Gro. F. Kunz.—In a paper read 
before the Ann Arbor Meeting of the American Association for 
the Advancement of Science, Mr. Kunz presented several points 
of interest in regard to American minerals. A description was 
given of a pseudomorph from Magnet Cove, Arkansas, having 
the form of trapezohedral crystals varying in size from 10 to 
45mm. They resemble the melanite of the same locality, but 
so far as examined do not show the dodecahedral faces. The 
color varies from yellowish-brown to grayish-white, and the 
specific gravity of the more compact specimens was 4°44 (near 
that of leucite). Upon fracture an external shell separates from 
a core of trapezohedral form. A microscopic examination by 
Mr. G. P. Merrill showed that the structure was homogeneous, 
but for the most part spherulitic, though beyond the center there 
was a zone made up of radiating columnar bodies with indefinite 
outline; except in shape there was no distinguishing feature 
between the outer crust and the more compact interior. The 
microscopic examination did not lead to any definite conclusion 
as to the original mineral. An analysis by Dr. F. A. Genth 
afforded. (mean of two) : 


SiO, Al,O; Fe.0; Na ,O K,0 H 18) 


(3) 60°77 22°13 0°44 ‘ 0°36 13°91 2°95 = 100°61 
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This is not very far from common orthoclase feldspar, and also 
approximates to the composition of leucite. The author suggests 
that it may be a case of feldspar pseudomorph after leucite, and 
calls attention to its similarity to the pseudomorphs of potash 
feldspar (and muscovite) after leucite from the Oberwiesenthal 
in Saxony. The case is by no means proved, however, and it 
is not improbable that the original mineral was the common 
garnet of the locality already alluded to. 

The same author describes the Rumford tourmaline locality in 
Oxford county, Maine, at which rubellite, indicolite and green 
tourmaline have been obtained associated with fine scaly lepidolite, 
amblygonite, cassiterite and albite. From Raymond, Maine, fine 
specimens of essonite garnet have been obtained, some of them 
showing a dozen alternate layers of garnet and calcite ; the break- 
ing off at a layer of calcite leaves a fine dodecahedral crystal 
within. A beryl from Auburn, Maine, is mentioned, which is 50 
em. high and 22 wide and has 50 different layers, 25 of beryl, the 
others of albite, quartz and muscovite. The occurrence is noted 
of fine blue beryls near Mt. Anteros, in the Arkansas Valley, 
Chaffee County, Colorado, resembling those from Mourne Mt. in 
Ireland. From Salides, Colorado, large quantities of dodecahe- 
dral garnets have been obtained, which are coated with chlorite 
somewhat similar to these from the Lake Superior region. 

The same author, in a recent paper before the New York 
Academy of Sciences, gives a number of notes in regard to the 
occurrence of minerals in the West. Some of them are as follows: 
The occurrence of fine malachite in large masses at the Copper 
Queen mine at Bisbee, Arizona, is mentioned; also specimens 
with crystals of calcite and malachite in large geodes, the latter 
mineral in fine acicular crystals 2 to 4 mm. long, giving a rich 
velvety surface; aurichalcite in beautiful tubes lining cavities 
comes from the same locality. The fine crystals of azurite from 
the Clifton mines, Graham County, Arizona, and also from the 
Longfellow mine are mentioned, as also the occurrence of chryso- 
colla at several localities, conspicuously at the old Globe mine in 
Gila County. Cuprite and dioptase from the Clifton mines, and 
cerussite for the Flux mine in Pima County and the Belle mine, 
Yavapai County, are alluded to. 

15. A Mt. Blane Fulgurite—Mr. F. Rutley describes (Quar- 
terly Journ. Geol. Soc., May, 1885) some specimens of hornblende 
gneiss having a fused surface, from the summit of the Dom du 
Gouté, “a small peak rising out of the snow at a height of 
14,000 feet above the sea-level,” belonging to the Mt. Blane 
chain. The author speaks of the absence of crystallites in fulgu- 
rites (consequent on sudden cooling), and of their being, hence, 
the purest natural glasses ever formed. 

Mr. Rutley examined also a specimen of the bouteillenstein or 
pseudo-chrysolite, of Moldauthein, in Bohemia, constituting nod- 
ules in sand, and in his conclusion says : that its glass enclosures 
and numerous gas-bubbles and its almost perfect freedom from 
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any products of crystallization render its comparison with fulgu- 
rite not merely admissible but possibly instructive.” 

The other localities of the material are tuffs in the neighbor- 
hood of Mt. Dore les Bains, Pessy in the Auvergne and one or 
two other localities. 

16. Fifth Annual Report of the State Mineralogist of Cali- 
Sornia ; by H. G. Hanks. 235 pp. 8vo. Sacramento, 1885.— 
The mineralogical reports of California follow each other with 
admirable regularity and promptness. The present volume is 
largely filled with an account of the mineral exhibits from the 
different parts of the country at the New Orleans Exposition of 
last year. 


Ill. Borany. 


1. Manual of the Botany (Phenogamia and Pteridophyta) 
of the Rocky Mountain Region, from New Mexico to the British 
Boundary. By Joun M. Courter, Ph.D., Professor of Botany 
in Wabash College and Editor of the Botanical Gazette. Ivison, 
Taylor, Blakeman & Co. ‘New York and Chicago, 1885. pp. 
452.—The country lying west of the States which border the 
Mississippi and east of the great interior basin is becoming popu- 
lous and full of schools. The Rocky Mountains, from the Yellow- 
stone Park at the north to Colorado and the cooler parts of New 
Mexico, abound with intelligent summer visitors. The floral 
vegetation is copious and varied, and mostly with a character of 
its own. “This manual is intended to do for its own range what 
has been for a long time so admirably done for the Northeastern 
States by Gray’s Manual.” It is modeled upon that handy 
volume, with certain features caught from the Synoptical Flora. 
As was proper, it is the work of Professor Coulter, whose earlier 
essay in this field was the Synopsis of the Flora of Colorado, 
the most interesting and now best-known portion of Rocky 
Mountain Botany and, as was natural, he has had some help 
from specialists, such as Mr. Bebb for the Willows (which amount 
to only 16 species), and Professor L. H. Bailey for the Carices, 
which mount up to 87 species, requiring very particular treatment. 

This manual appears to be very well done; and we may con- 
gratulate the author upon the good presentation he has made in 
thus opening up a new field. The book was greatly needed, both 
for schools and for resident botanists and tourists. To accommo- 
date the latter a tourist’s edition is announced, on thin paper, 
with narrow margins and flexible leather covers. For educational 
purposes, it is to be bound up with Gray’s Lessons, by the same 
publishers, so as to make one school-book serve. So we may now 
look for a rapid development of botanical study in this region of 
great floral attraction. Apropos to this use of Professor Coulter’s 
work, we regret that he has not accentuated the names of received 
genera and species. It would not have cost great trouble, so much 
of the work being done to his hand in the eastern Manual and in the 
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Synoptical Flora; and it would be very useful, especially to begin- 
ners, Who ought to have as little as possible to unlearn, If sci- 
entific education is to be creditable as well as popular, it is 
desirable that those who use botanical names should learn how to 
pronounce them, at least so far as to place the principal accent on 
the right syllable;—and this, indeed, is all that can be demanded. 

In accordance with a prevalent mode, the Gymnosperme are 
placed after Monocotyledones, thus separating them widely from 
other Dicotyledones. It is agreed that they should form a dis- 
tinct class, and in the present collocation, Professor Coulter 
follows the weight of authority. But we do not allow that this 
collocation “better expresses relationships which have long been 
recognized.” The only right series is that in which the Gymno- 
sperms intervene between the Dicotyledons and the Pteridophytes; 
and the only way to preserve this series in a system is to begin 
(or end) with the Monocotyledones. But so long as we begin 
(or end) with Angiospermous Dicotyledons, and somewhere inter- 
pose the Monocotyledons, it is evidently more natural to keep the 
Gymnosperms next to the former, with which, through the Gne- 
tacez, they are very closely connected, rather than to place them 
next the highest Cryptogams, with which (granting their descent) 
they are very distantly connected. 

It was a good thought of the author to relegate all the intro- 
duced plants to foot-notes. Would it were practicable to do so 
in the Flora of the whole country, so that we could represent the 
vegetation of the land in its natural condition, before civilized 
man wrought change and confusion in geographical botany. The 
flora of the Great Plains and of the Rocky Mountains is, up to 
the present time, so little disturbed that the course here followed 
secures this advantage, and has no serious practical inconven- 
iences. A. G. 

2. Str Joseph Hooxar on the last day of November retired 
from the directorship of the Royal Gardens at Kew, which he 
has held for twenty years, in continuation of the ten previous 
years in which he was Assistant Director under his father, Sir 
William Hooker. This is not a case of superannuation; for Sir 
Joseph is still a few years within the three score and ten, with 
mental vigor unbroken and the corporeal little diminished ; but 
he finds it impossible to make satisfactory progress with the 
botanical works in hand while under the pressure of a load of 
official cares. He has fully borne his part of administrative 
duties, for which indeed he has remarkable aptitude; and working 
botanists—especially those of the tried old school and of needful 
experience—are rare and much to be treasured. One who knew 
Kew before Sir William Hooker took it in hand in 1839, and who 
has known it under his successor, and therefore through its whole 
development into the unexampled scientific and practical estab- 
lishment it has been made under their hands, finds it difficult to 
conceive of Kew without a Hooker at its head. But we do 
not anticipate any falling off under the new Director, Mr. This- 


7 | 

| 

} 

| 


78 Scientific Intelligence. 


selton Dyer, who has for a good number of years been Assistant 
Director, and for not a few of them the son-in-law of the botanist 
who now retires,—not from labor, indeed, but to the more steady 
prosecution of the work which the science expects from him. In 
this his colleagues throughout the world take a higher interest 
even than in the administration of the great institution which is 
known by the inadequate appellation of The Royal Gardens, Kew. 
A. G. 


TV. ASTRONOMY. 


1. Meteors of November 27, 1885.—On the evening of Nov. 
27th, there was a remarkable shower of meteors radiating from 
Andromeda, and presumably connected with Biela’s comet. In 
brillianey it compares favorably with the magnificent display on 
the same day in 1872. {n Europe and Asia the star shower was 
very remarkable wherever the clouds did not prevent its being 
seen. In this country it was nearly over before sunset, yet in the 
early evening the meteors were numerous enough to attract very 
general attention. 

Mr. Robert Brown, of the Yale College Observatory, shortly 
after six o’clock, counted 44 in 24 minutes... About half of them 
left momentary trains. At half-past nine about a dozen were 
seen by three persons, Mr. Brown, Mr. Lyman Baird and myself. 
We estimated the hourly number for three observers, looking at 
the same part of the heavens, to be about 100. The radiation 
was in general from near y Andromede with, however, some 
striking exceptions. Two or three left trains which were much 
less brilliant than those seen by Mr. Brown early in the evening. 
From 10" 15™ to 10" 30™ I counted 13, watching alone. Though 
several flights went sharply from near y Andromede yet the 
radiation was not from any single point. One short flight had a 
broken appearance, much like the jagged line of an electric spark. 

At Princeton, N. J—Professor Young, in Science, reports 36 
counted ina ten-minutes walk beginning at 7" 15", and about a 
hundred before 7" 45". From 7" 45™ to 8", only three or four 
were seen. “The radiant was very well marked—an oval region 
about 4° long N. and S., and about 2° wide. Its center, accord- 
ing to the best estimate I could form, was about 2° N.W. from 
y Andromede.” 

At Georgetown, D. C.—In Science are reported observations by 
two of Professor Hall’s sons (and Mrs. Hall, who watched a short 
time), who counted 213 meteors between 6" 30™ and 7° 50™; also 
the count of a party of four under charge of Mr. Horigan, viz: 
100 between 7" 0™ and 7" 30™, 100 between 7" 30™ and 7” 55", 
100 between 7" 55™ and 8" 35™, 28 between 8" 38™ and 9" 0", 

In England.—At Greenwich the rate of fall between 6" and 7° 
was reckoned at 30 to 40 per minute with remarkable average 
brilliancy. At 11" only 3 to 5 per minute appeared. The radi- 
ant was located at R. A. 20°, Decl. 49° N. At Dundee, Mr. 
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James Lewiston reported 25 per minute for one observer at 53"; 
at 6" 100 in a minute were counted; at 6" 20" a decrease was 
noted; at 6" 38™ they had risen to 70 per minute; thereafter the 
numbers gradually diminished. The radiant. was fixed at R. A. 
21°, Decl. 44°. Professor Pritchard at Oxford, counted 251 mete- 
ors between 6° 34" and 6° 39", and 305 between 7" 14™ and 7" 
19". Mr. G. J. Symons says that the meteors in 1866 were both 
more numerous and larger than in this shower. He computed 
the whole number falling at 8" 5™ as over 3,000 per hour. 

An adequate discussion of the shower can be made only when 
all the reports are received. H. A. N. 


BOOKS RECEIVED. 


Elements of Inorganic Chemistry, by James H. Shepard. 377 pp. 8vo. Boston, 
1885, (D. C. Heath & Co.) : 

Chemical Problems, by Dr. Karl Stammer, translated by W. S. Hoskinson. 
111 pp. 8vo. Philadelphia, 1885. (P. Blakiston, Son & Co.) 

Handbook of Technical Gas-analysis, by Carl! Winkler, translated with a few 
additions, by George Lunge. 125 pp. 8vo. London, 1885, (John Van Voorst.) 

New Theories of Matter and of Force, by William Barlow. 395 pp. 8vo. Lon- 
don, 1885, (Sampson, Low, Marston, Searle & Rivington.) 

Mineral Resources of the United States, Calendar years 1882—’84, by Albert 
Williams, Jr. 1016 pp. 8vo. Washington, 1885. 

Gravity Research: 1. Use of the Noddy for measuring the swaying of a pen- 
dulum support. 2. Effect of the flexure of a pendulum upon its period of oscilla- 
tion, by C. S. Peirce, (Appendices Nos. 15 and 16 of the Report of U. S. Coast 
and Geodetic Survey for 1884.) Washington, 1885. 

Index to Literature of Uranium, 1789-1885, by H. Carrington Bolton. 36 pp. 
8vo. Washington, 1885, (Smithsonian Report for 1885.) 

Recueil de Monographies Stratigraphique sur le Systéme Crétacique du Portu- 
gal, par Paul Choffat. Contrée de Conte, de Bellas et de Lisbonne. 68 pp. 4to, 
with 3 plates. Description de la Faune Jurassique du Portugal. Mollusques, 
Lamellibranches, Deuxiéme order, Asiphonidee; by the same. 36 pp. 4to, with 
10 plates Lisbon, 1885. 

Report on the Invertebrata of the Laramie and Cretaceous rocks of the vicinity 
of the Bow and Belly Rivers, by J. F. Whiteaves. Contributions to Canadian 
Paleontology, vol. i, Part I, Geol. and Nat. Hist. Survey of Canada. 90 pp. 8vo. 
with 11 plates. Montreal, 1885 (Dawson Brothers.) 

On new Cretaceous Fossils from California, by Charles A. White. 14 pp. 8vo. 
with 5 plates. Washington, 1885, (Bulletin of the U. S. Geological Survey, 
No. 22.) 

Results of Ornithological Explorations in the Commander Islands and Kamt- 
schatka, by Leonhard Stejneger. 382 pp. Svo. with 8 colored plates. Washing- 
ton, 1885, (Bulletin of the U. 8S. National Museum, No. 29.) 

A Revision of the Astacidee, by Walter Faxon, Part I. The Genera Cambarus 
and Astacus. 186 pp. 4to, with ten plates. Cambridge, 1885, (Memoirs of the 
Museum of Comparative Zoology, at Harvard College, vol. x, No. 4.) 

The Development of Osseous Fishes. I. The Pelagic stages of young fishes, by 
A. Agassiz and C. O. Whitman. 56 pp. with 19 plates, (Studies from the New- 
port Marine Laboratory: Memoirs of the Museum of Comparative Zoology at 
Harvard College, vol. xiv, No. I, Part 1.) 

Larval Theory of the Origin of Cellular Tissue, by Alpheus Hyatt. pp. 45- 
163 of vol. xxiii of the Proceedings of the Boston Society of Natural History, 
March 5, 1885. 

Bulletin of the Washburn College Laboratory of Natural History. Vol. I, No. 
4; pp. 113-148. 

Bulletin of the American Museum of Natural History. Vol. I, No. 6. pp. 18le 
195, with plates xix to xxii. 
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Bulletin of the Illinois State Laboratory of Natural History. Volume II, pp. 
141-255, 8vo, contains Article III, on the Parasitic Fungi of Illinois, Part 7, by 
T. J. Burrill. 

Second Annual Report of the Agricultural Experiment Station of the University 
of Wisconsin, for the year of 1884. 112 pp. 8vo. Madison, 1885. Bulletin No. 
7, October, 1885. Experiments in Calt-feeding; The Cooley system of creaming 
milk. 

Annual Report of the Board of Directors of the Chicago Astronomical Society 
together with the Report of the Director of the Dearborn Observatory. 16 pp. 
8vo. Chicago, 1885. This report contains observations on the planet Jupiter 
from Sept., 1884, to July, 1885; the descriptions are accompanied by two plates. 

Bibliographies of American Naturalists. II. The published writings of Isaac 
Lea, LL.D., by Newton Pratt Scudder, 278 pp. 8vo, with a portrait of Dr. Lea. 
Washington, 1885, (Bulletin of the U. S. National Museum. No. 23.) 

The Annals of the Cakchiquels: The original text, with a translation, notes 
and introduction by Daniel G. Brinton. 234 pp., 8vo. Philadelphia, 18835, 
(Brinton’s Library of Aboriginal American Literature, No. VI.) 

The Races of Britain: A contribution to the Anthropology of Western Europe, 
by John Beddoe. 271 pp. 8vo, with an appendix. Bristol and Lendon, 1885, 
(Scribner & Co.) 

Report of the Superintendent of the U.S. Coast and Geodetic Survey; showing 
the progress of the work during the fiscal year ending with June, 1884. 621 pp. 
4to, with 23 maps. Washington, 1885. 

Report of the International Polar Expedition to Point Barrow, Alaska. 695 
pp. 4to, with numerous plates. Washington, 1885. 

Memoirs of the National Academy of Sciences, Vol. III, Part 1, 110 pp. 4to, 
with 5 plates. Washington, 1885. This volume contains eight Memoirs, by 
the following authors: G. K. Gilbert, 8. P. Langley, A. M. Mayer, C. F. Chand- 
ler, C. S. Peirce and J. Jastrow, S. H. Scudder, E. D. Cope, A. S. Packard. 

Water Meters, by Ross E. Browne, and The Preservation of Timber, by S. B 
Boulton. Nos. 81 and 82 of Van Nostrand’s Science Series, (Reprints from 
Van Nostrand’s Magazine.) 

Anales de la Oficina Meterologica Argentina, por su Director Benjamin A. 
Gould. Tomo IV, 600 pp. 4to. Buenos Aires, 1884. 

Lectures on the Principles of House Drainage, by J. Pickering Putnam, Archi- 
tect. 125 pp. 12mo. Boston, 1886, (Ticknor & Company ) 


OBITUARY. 


Dr. Joun CuristopHEerR Draper, Professor of Chemistry in the 
Medical Department of the University of the City of New York, 
died in New York, on the twentieth of December, in his seventy- 
first year. Dr. Draper was the oldest son of the eminent Professor 
John W. Draper. His scientific papers, apart from those in the 
Science of Medicine, are devoted to Chemical and Physical sub- 
jects; and among the latter, chiefly to optical phenomena. His 
last two, relating to dark lines in the solar spectrum, are contained 
in volumes of this Journal for 1878 and 1879. He is the author 
also of a Practical Laboratory Course in Chemistry, and a Text- 
book on Medical Physics, the latter work only recently issued. 
He became Professor of Chemistry in the Medical Department of 
the University of the City of New York, in the year 1866, and 
was instrumental in placing it in the front rank among the medical 
institutions of the country. He received the degree of Doctor of 
Laws from Trinity College, Hartford, in 1878. 
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SPECTRO-BOLOMETER WITH ROCK SALT TRAIN. 
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Fig. 1. Registration board. 2. Movement of tendril No. 7a reduced to one-half 
actual size. 3. Cross section of tendril arm. showing the tissue during the active 
period: a, a’, a’’, Collenchyma. 0, b’, b’’, Vibrogen tissue. ¢, c’, c’’, Thin-walled 
parenchyma filled with protoplasm and some chlorophyl. d. d’, d’’, Concentric 
band of wood tissue x 20. 4. Wood tissue as shown at d, d’, d’” x 160: A, Grow- 
ing wood cells as they appear during the active period. B, The same wood cells 
very much thickened, as they appear after motion has ceased. 5. Vibrogen 
tissue as seen at b, b’, b’’x 80. 6. Collenchyma tissue, as seen at a, a’, a’ x 160. 
7. Continuity of the protoplasm in the collenchyma tissue, obtained by treatment 
with concentrated H.SO, and stained with picric aniline x 160. 


| 
wiz Ss | 
/ 1 = = 
| 
| | 
| 31 | 
1 
| 
| 
| | 
| 
J CWO 
3 X20 QO 
| 6 x 160 
x160 
5 x80 
| 
5 
| 
do 
ayn 


